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I ENVI RO N M ENTAL Doc UM ENTATIO N

The CALFED Bay-Delta Program (Program) is currently in what is referred to as Phase II, in which theI CALFED agencies are developing a Program subject to a comprehensivePreferred Alternativethatwillbe
programmatic environmental review. This report describes both the long-term prograrrmatic actions that are
assessed in the June 1999 Drat~ Programmatic EIS/EIR, as well as c~tain more specific actions that may be

I carried out during implementation of the Program. The programmatic actionsin a long-termof thisprogram
scope necessarily are described generally and without detailed site-specific information. More detailed
information will be analyzed as the Program is refined in its next phase.

I
Implementation of Phase III is expected to begin in 2000, after the Programmatic EIS/EIR is finalized and
adopted. Because of the size and complexity of the alternatives, the Program likely will be implemented ov~

I a period of 20-30 years. Program actions will be refined as implementation proceeds, initially focusing on
the first 7 years (Stage I). Subsequent site-specific proposals that involve potentially significant
environmental impacts will require site-specific environmental review that tiers off the Programmatic

I EIS/EIR. Some actions, such as recreation of shallow water habitats in the Delta and Suisun Mmsh, also will
be subject to permit approval from regulatory agencies.

!

Envkonmental Documentation
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| CALFED BAY-DELTA PROGRAM
| ECOSYSTEM RESTORATION PROGRAM PLAN

I OVERVIEW commercial and recreational harvest,
consistent with goals 1 and 2.

I The mission of the CALFED Bay-Delta Program ~
is to develop a long-term comprehensive plan thatf .~ Protect or restore functional habitat types

will restore ecosystem health and improve water~ throughout the watershed for public

I management for beneficial uses of the Bay-Delta values, such as recreation, scientific
system. The Program addresses problems in four research, and aesthetics.

resource areas: ecosystem quality, water quality,        ~
¯ levee system integrity, and water supply~ Prevent establishmentofadditionalnon-

| reliability. Programs to address problems in the~,~ native species and reduce the negative
four resource areas will be designed and biological and economic impacts of

i integrated to fulfill the CALFED mission, established non-native species.

Ecosystem goals presented in the Strategic Plan[~ Improve and maintain water and sediment
for Ecosystem Restoration will guide the .~ qualityto eliminate, to the extent possible,
Ecosystem Restoration Program (ERP) during impacts to organisms system,its toxic in the
implementation phase. Strategic Goals include the including humans.
following:

I The ERP addresses these goals by restoration of
Achieve recovery of at-risk native species ecological processes associated with streamflow,

I dependent on the Delta and Suisun Bay asstream channels, watersheds, and floodplains.

the first step toward establishing large, These processes create and maintain habitats
self-sustaining populations of theseessential to the life history of species dependent
species; support similar recovery of at- on the Delta. In addition, the Program aims to
risk native species in San Francisco Bay reduce the effects of stressors that inhibit
and the watershed above the estuary; and ecological processes, habitats, and species.

i minimize the need for future endangered
species listings by reversing downward
population trends of native species that

¯                are not listed.
| Rehabilitate natural processes in the Bay-

. Delta system to support, with minimal
I ongoing human intervention, natural

aquatic and associated terrestrial biotic
communities, in ways that favor nativei members of those communities.

Maintairi and enhance populations of
selected speciesforsustainable
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ORGANIZATION OF THE PLAN use the habitats, and stressors which impair the
functioning or utilization of the processes and

The ERP is comprised of a Strategic Plan and thehabitats. Volume II also contains strategic

two volume restoration plan: objectives, targets, and programmatic actions
which describe the ERP approach to improving

= Volume I: Ecological Attributes of the San the ecological health of the zone and its
Francisco Bay-Delta Watershed contribution to the health of the Delta. Rationales

are also contained in Volume II which clarify,
justify, or support the targets and programmaticVolume II: Ecological Zone

Visions.                                    actions.

STRATEGIC PL~N FOR ECOSYSTEM INTRODUCTION TO VOLUME I
RESTORATION provides the ERP approach to
adaptive management and contains the proposedVolume I contains information related to
plans for indicatorsof ecologicalhealth,a problems, theory, and concepts linked to the
monitoring program to acquire and evaluate theCentral Valley ecosystem and includes
data needed regarding indicators, a program ofdescriptions of important ecological processes
focused research toacquireadditional data needed and functions, habitats, species, and stressors
to evaluate program alternatives and options, andwhich impair or otherwise adversely effect the
the approach to staging and implementation of theother ecosystem elements (Figure 1). Individually
ERP over time. (Note: The CALFED Strategic and cumulatively, the visions for the ecosystem
Plan is derived from the Strategic Plan for theelements establish the foundation and scientific
Ecosystem Restoration Program (1998) to reflectbasis of the ERP.
the needs of the CALFED Bay-Delta Program and
the Ecosystem Restoration Program. Formerly,
this was to be Volume III.). S p e c i e s

VOLUME l: ECOLOGICAL ATTRIBUTES OF
THE SAN FRANCISCO BAY-DELTA
WATERSHED presents the visions for ecological
processes and functions, fish and wildlife habitats,
species, and stressors that impair the health of the
processes, habitats, and species. The visions
presented in Volume I are the foundation of the
ERP and display how the many ecosystem
elements relate to one another and establish a
basis for actions which are presented in Volume
II.

VOLUME II: ECOLOGICAL MANAGEMENT
ZONE VISIONS presents the visions for the 14 Figure 1. Relationship of ecological,
ecological management zones and their respective processes, habitats, and species in the
ecological management units. Each individual Ecosystem Restoration Program Plan.
ecological management zone vision contains a
brief description of the management zone and

Each section follows the same format and begins
units, important ecological functions associated
with the zone, important habitats, species which

with introductory information regarding the
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ecosystem elements. Three introductory tablesBay-Delta ecosystem is not simply a list of
summarize the strategic objectives, basis forspecies. Rather, it is a complex living system
selection as an ecosystem element, and thesustained by innumerable interactions that are
distribution of ecosystem elements by ecologicalphysical, climatic, chemical, and biological in
zone. nature, both within and outside of the geographic

boundaries of the Delta.
Individual visions begin with an introduction
followed by a description of the relevant process, The central theme of the ERPP
habitats, species, or stressors. These are followed is the recognition that truly
by the ERP vision for the element, how restoration A durable and resilient
of the process, habitat, or species, or reduction or /~, populations of all fish and
elimination of the stressor integrates with other wildlife inhabiting the Bay and
ongoing restoration or management programs. ¯ Delta require, above all else,
The relationship or linkage of the ecosystem the rehabilitation of ecological
elements to other elements is then discussed processes throughout the
followed by a presentation of the strategic Central Valley river andestua~

objective, targets, and summary of programmatic systems and watersheds.

actions.
The ERP is fundamentally different from many

PERSPECTIVE past efforts in another way as well. It is not
designed as mitigation for projects to improve

The ecological hub of the Central Valley is thewater supply reliability or to bolster the integrity
of Delta levees; improving ecological processesSacramento-San Joaquin Delta and Bay. The ERP

signals a fundamental shift in the way ecologicaland increasing the amount and quality of habitat

resources of the Central Valley are managed. Forare co-equal with other program goals related to
water supply reliability, water quality, and leveemany decades, government entities, non-profit

organizations, and the private sector have engagedsystem integrity. Solving serious and long-

in managing, protecting, regulating, and in somestanding problems in each of these resource areas

cases breeding fish and wildlife species of the Baywill require an ambitious, integrated, long-term

and Delta - yet many populations have notprogram. We do not know the balance needed

recovered sufficiently and remain in decline. Inbetween restoration efforts in the Delta and Bay

spite of constant human intervention to repopulateand restoration efforts upstream. However, aquatic "

fish and wildlife that have commercial,
species cannot be the sole driving force for

recreational, and biological importance to societyecosystem restoration. Ecosystem restoration must

(e.g., hatchery programs and expensive re-involve the integration of the needs of terrestrial

engineered water diversions), populations haveand aquatic species and plant communities.

not been sustained at stable, healthy levels that
support historic utilization of those resources. The ERP, like all components of Bay-Delta

solution alternatives, is being developed and

Historic efforts at individual species regulationevaluated at a programmatic level. The complex

and management will be replaced by an integratedand comprehensive nature of a Bay-Delta solution

systems approach that aims to reverse themeans that it will necessarily be composed of

fundamental causes of decline in fish and wildlifemany different programs, projects, and actions

populations. A systems approach will recognizethat will be implemented over time. During the

the natural forces that created historic habitats andcurrent phase of the Program, solution alternatives
have been evaluated as sets of programs anduse these forces to help regenerate habitats. The
projects and broad benefits and impacts have been

~ ~
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identified. In the implementation phase of thetend to make species populations more resilient to
Program, more focused analysis, environmentalchange. If the mosaic of habitats distributed
documentation, and implementation of specificacross a broad landscape is complex, and if large
programs and actions will occur, areas of habitat are connected by smaller patches

and corridors such as those associated with
The CALFED goal for ecosystem quality will be riparian systems, then healthy areas of the
achieved by further developing and adhering toecosystem can be relied upon to sustain species
the Strategic Plan for Ecosystem Restoration. A during temporary setbacks in other areas.
major effort toward reaching target levels will be
emphasized during the first 7 years of the GEOGRAPHIC SCOPE
implementation program. Special effort will be
directed to actions that can be implemented toThe geographic (spatial) scope of the ERP is
restore ecological processes. The restoration ofdefined by the interdependence and linkage of the
these processes is intended to restore and maintainecological zones which encompass the Central
habitats, and to provide for the needs of theValley. These ecological zones include the upland
species dependent on a healthy Bay-Delta system,river-riparian systems, alluvial river-riparian
For example, restoring stream channelssystems, the Delta, and Greater San Francisco Bay
contributes to sediments, nutrients, and a variety(Note: These ecological zones are more fully
of habitats. The strategy recognizes that not alldescribed in the section on Key Ecological
processes can or should be completely restoredAttributes of the San Francisco-Bay Delta
and that intervention, manipulation, andWatershed which follows this section). The
management will be required. For example,geographic scope defines the locations where
s~reambed gravel may have to be introduced,actions might be implemented to maintain, protect,
habitats may have to be constructed, andrestore, or enhance important ecological
vegetation planted. Still, an important part of theprocesses, habitats, and species. Some rivers or
approach is to recommend measures that in thewatersheds have ecological attributes which are
long-term will limit the need for continued humanvalued higher than the attributes of others areas.
intervention. These ecological values include the condition of

important ecological processes and how well they
Implementation of the ERP is further guided bysupport a diversity of habitats. The values also
the recognitionthat all landscapeunits and include the fish, wildlife, and plants which occupy
physical and biological components of theor utilize the habitats within these local areas.
ecosystem are interdependent and dynamic.
Interdependence means that actions and stressorsCALFED is developing a Multi-Species
in one part of the system can and do affectConservation Strategy to serve as the platform for
populations and conditions that may be separatedcompliance with the Federal Endangered Species
by hundreds of miles (e.g., in watersheds andAct (ESA), the Califomia Endangered Species Act
spawning tributaries), or affect the food web in(CESA), and the State’s Natural Community
ways that may not be felt for several years. Conservation Planning Act (NCCPA). The

Conservation Strategy has identified a subset of
Natural systems are dynamic; i.e., they arespecies which are federally and State listed,
characterized by response to cycles of change andproposed, or candidate species, other species
episodic catastrophes that are driven by natural oridentified by CALFED that may be affected by
human factors. Most habitats undergo expansionsand for which the CALFED Program and the ERP
and contractions, or shifts in space and time. Thehave responsibility related to (1) recover the
dynamic nature of healthy habitats is the cause ofspecies, (2) contributing to their recovery, or (3)
much biological diversity, and complex habitats
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I maintaining existing populations. The "recoverCALFED Coordinated Watershed Management
species" depend on habitat conditions in SuisunProgram addresses the coordination of planning

I Bay, the Delta, Sacramento River, San Joaquinand restoration actions in the upper watershed
River, and many of their tributary streams. Forregions.
these reasons, the primary geographic focus of the

I ERP is the Sacramento-San Joaquin Delta, SuisunIMPLEMENTATION STRATEGY
Bay, the Sacramento River below Shasta Dam, the
San Joaquin River below the confluence with theA large and diverse ecosystem like the Bay-Delta

I Merced River, and their major tributary is extremely Therecomplex. aremanyprocesses
watersheds directly connected to the Bay-Deltaand relationships at work in the ecosystem that are
system below major dams and reservoirs. Innot fully understood. Thus, there are many

I addition, streams such as Mill Creek, Deer Creek, difficulties and uncertainties associated with a
Cottonwood Creek, and Cosumnes River, for program to improve ecosystem health. In some
example, are emphasized due to their free-flowingcases, problems are well understood and the steps
status and relative high quality of habitats andto improvement are clear. In other cases, there is
ecological processes, some understanding of the reasons for decline but

this understanding is not sufficient to warrant full-

i Secondarily, the ERP addresses, at a broader,scale implementation of remedial measures. In
programmatic level, Central and South Sanstill other cases, additional research is needed
Francisco Bay and their local watersheds (Note: before solutions can be identified with certainty.

I The primary geographic focus area for the ERP
can be divided into 14 management zones, eachThe difficulties and uncertainties of ecosystem
characterized by a predominant physical habitatrestoration call for an implementation strategy that

I type and species assemblage, Figure 2). These 14is flexible and can accommodate and respond to
ecological management zones constitute thenew information. The foundation of the ERP
geographic areas in which the majority ofimplementation strategy is adaptivemanagement.

i restoration actions will occur. The upperAdaptive management is a process of testing
watersheds surrounding the primary focus area arealternative ways of meeting objectives, and
important and addressed through general actionsadapting future management actions according to

i that focus on watershed processes and watershedwhat is learned. Adaptive management relies
planning, management and restoration. Theupon the identification of indicators of ecosystem

h̄ealth, comprehensive monitoring of indicators to

i measure improvement over time, focused
research, and phasing of actions.

i INDICATORS are features or attributes of the
ecosystem that are expected to change over time
in response to implementation of the ERP.

i Indicators are selected to provide measurable
evaluations of important ecological processes,
habitats, and species whose status individually and
cumulatively provide an assessment of ecologicalI health. Indicators of ecosystem health are the
gauges we will use to measure progress toward the
goal. Some indicators are very broad in scaleI are very specific, example, awhileothers For

Figure 2. Location Map of the 14 Ecosystem Restoration
Program Ecological Management Zones.
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very broad or landscape level indicator ofthe long-term restoration program and contribute
ecosystem health might be a comparison of theto ecological resilience have a high priority.
total area of riparian forest to historic coverage or
an evaluation of the average distance betweenStage I implementation is defined as the first 7
patches of such forest with closer patchesyear phase of the program and will include
indicating better health than more distant patches,restoration of ecological processes and habitats
A more specific indicator might be thethat are most important for endangered species
concentration of toxic substances in the flesh ofrecovery, reduction of stressors that affect
adult striped bass. threatened and endangered species, and other

actions that may reduce conflicts between
COMPREHENSIVE MONITORING is the process beneficial uses in the system. Later
of measuring the abundance, distribution, changeimplementation phases will be shaped through
or status of indicators. For example, contaminantadaptive management by the results of restoration
concentrations in fish tissues can be measured atactions in the first 7 years of the program.
various locations and times in the system to
determine if contaminant levels are changing.The ERP will be refined and implemented
This will allow progress to be measured, allowaccording to the steps listed below.
actions to be modified if necessary, and provide
assurances that the restoration objectives are being1. REFINE TIlE ERP based on broad public
achieved. (Note: A Comprehensive Monitoring, participation, and using the best scientific
Assessment, and Research Program is being knowledge currently available in the short
developed. A description of that program is term.
presented later in this section.)

2. CREATE AN ECOSYSTEM SCIENCE
DIRE~rED RESE/~ICH will help answer PROGR/~/! to provide ongoing scientific
questions about the system and its components evaluation of the ERP. The Science Program
and increase the certainty surrounding the will be a collaborative effort among local and
relationships of ecological processes, habitats, national, independent stakeholder and agency
and species. For example, the relationships scientists and technical experts convened to
among streamflow, storm events, flow-related address outstanding scientific issues and
shaping of river channels to modify habitat, and review the ERP.
the physical and chemical signals that flow
provides for aquatic species all need to be better3. PREP.g~IE CONCEPTU/M. MODELS to
understood for effective management of the describe the Bay-Delta ecosystem and the
system. (Note: A Comprehensive Monitoring, proposed actions of the ERP. Restoration or
Assessment, and Research Program is being rehabilitation programs for complex
developed. A description of that program is ecosystems must be based on clear concepts
presented later in this section.) about how the system is believed to function,

how it has been altered or degraded, and how
STAGED IMPLEMENTATION is the logical various actions might improve conditions in
sequence of implementing restoration actions to the system. Conceptual models can provide a
achieve CALFED goals as effectively as possible, basis for quantitative modeling or identify
Phasing will consider all targets and programmatic critical information needs for research or
actions and will be used to prioritize actions. For monitoring. In ecosystem restoration, they can
example, actions directed at recovering be used to link human activities or
endangered species and which are consistent with management actions to outcomes important to

society. In adaptive management, the most
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I
important uses of conceptual models are for: pragmatic adjustments to ecosystem
linking human activities to valued outcomes, targets, funding priorities, and restoration

I highlighting key uncertainties where research techniques to ensure that public and
or adaptive probing might be necessary, and private resources are well spent and
identifying monitoring needs, complement other related efforts.

I
4. DEVELOP TEST.,a~ILE HYPOTHESES for During refinement and implementation of the

proposed ERP actions. The hypothesesERP, public accountability and program

I underlying the ERP will be tested througheffectiveness will be assured through continuing
experiments using the conceptual models andpublic involvement as well as environmental
on-the-ground research. The results from impact analysis and documentation.

I these experiments will feed back into the
adaptive management process and will COMPREHENSIVE
support proposed actions, suggest revisions to

MONITORING, ASSESSMENT,i actions, andidentify needsfor further
research. AND RESEARCH PROGFI~M

I 5. CONDUCT IMMEDIATE DIRECTED Many institutions, both within and outside of the
RESEARCH to improve understanding of the CALFED partnership, are involved in monitoring
ecosystem and the causes of problemsand applied research that can contribute to the

I identified in the conceptual models anddesign and assessment of environmental
testable hypotheses. Use results from short-rehabilitation programs. The scope, coverage, and
term studies to adjust the way that objectivescoordination of existing monitoring and applied

I are achieved, making refinements to the finalresearch, however, are admittedly fragmentary.
ERP targets, actions, and implementationWhen viewed together, these programs do not
schedule, provide a coherent, overall picture of what is

being monitored, how the environment isI 6. DEVELOP AND BEGIN A STAGED changing over large spatial scales, or asenseclear
IMPLEMENTATION PROGRAM that entails: of how the monitoring data might be used by

resource managers and decision makers. The

I ¯ short-term of ecosystem ability to coordinated and completeimplementation provide
restoration demonstration projects (e.g., monitoring coverage is especially difficult because
through Restoration Coordination and of the complex system structure, and the

i related programs), including stressorcomplexities of the associated physical and
reduction measures, to help threatenedecological processes. These programs, however,
populations begin recovering and to testprovide information essential to our understanding

I the viability and effectiveness of targetsand management of the system. These existing
and actions, programs will figure prominently in the

development of a Comprehensive Monitoring,
¯ coordinated monitoring, evaluation, and Assessment and Research Program (CMARP)

reporting of the results of recovery (CMARP Steering Committee 1998).
efforts, and the status of ecological

I indicators in the Bay-Delta and other Monitoring, assessment, and research are
zones, and important steps in an iterative process to

understand and manage a natural resource system.
¯ adaptive management of each successiveMonitoring involves measuring and sampling

phase of ERP implementation, including physical, chemical, and biological attributes of the
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resources and can include social and economic enhancing the fundamental ecological
attributes of associated human activities, structures and processes that contribute to the
Assessment involves developing correlations well being of the species. A basic tenent of
among monitored data, for example correlations CALFED’s implementation of ecosystem-
between the abundance of a fish species and a based management is, to the extent feasible, to
factor such as river flow that might affect restore or rehabilitate the natural processes
abundance. Research involves analysis or that create and maintain the important
experiments to establish mechanisms that explain elements of ecosystem structure. Ecosystem-
observed correlations, such as documenting fish based management differs fundamentally
distributions and mortalities for different flows, from the more traditional approach of species-
The information generated from monitoring, based management, which seeks to
assessment, and research provides resource manipulate specific environmental factors
managers with understanding needed to design (e.g., direct removal of predators from the
actions and to detect responses to their actions, environment to reduce predation levels on the

target species) thought to be limiting target
CALFED needs a monitoring and research species populations at levels below
program for at least four reasons. First, CALFED management objectives.
needs monitoring data and information to
implement the preferred program alternative andECOSYSTEM ELEMENT’- An ecosystem element
to carry out its related programs, and this need is is a basic component or function which, when
increased by CALFED’s adoption of an adaptive combined with other ecosystem elements,
management strategy. Second, CALFED needs to make up an ecosystem. An ecosystem
satisfy the Congressional mandate for indicators element can be categorized as a process,
and performance measures with which to judge habitat, species,, species community or
the success of restoration efforts. Third, CALFED stressor.
needs data and information with which to assure
stakeholders that the actions being taken areECOSYSTEM REHABILITATION: Within
having desired results. Finally, CALFED needs to CALFED’s concept of ecosystem restoration,
reduce the scientific uncertainty regarding the the ERP will largely focus on ecosystem
management and protection of valued natural rehabilitation. In the context of CALFED,
resources, ecosystem rehabilitation is defined as the

process by which resource managers
Thus, the purpose of CMARP is to provide those reestablish or refurbish key elements of
new facts and scientific interpretations necessary ecological structure and function within the
for CALFED to implement fully its preferred Bay-Delta ecosystem to a level necessary to
program alternative and related programs and for achieve ERP goals and objectives.
the public and government to evaluate the success
of CALFED actions. ECOSYSTEM RESTORATION: Ecosystem

restoration is a term sometimes used to imply
TERMS USED IN THE ERPP the process of recreating the structural and

functional configurations of an ecosystem to
The following terms are used in the ERP: that present at some agreed to time in the past.

Because the structure and function of many
ECOSYSTEM-BASED MANAGEMENT." elements of the Bay-Delta ecosystem have

Ecosystem-based management is a resource been severely disrupted and cannot be
of achieving species feasiblely restored to a specified historicmanagementconcept

management objectives by sustaining and condition, within the context of CALFED,
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ecosystem restoration is more realistically management. For example, the number of
defined as the process by which resource diversions screened may be adjusted up orI that the of the down the overall ofmanagersensure capacity dependingon response
ecosystem to provide ecological outcomes fish populations to screening and other
valued by society is maintained, enhanced, or restoration actions.I restored.

An example of a programmatic action is to
ECOLOGICAL PROCESS: Ecological processes develop a cooperative program to acquire and

I act directly, indirectly, or in combination, to restore 1,500 acres of shallow-water habitat in
shape and form the ecosystem. These include the Suisun Bay and Marsh Ecological
streamflow, watershed, stream channel, and Management Unit.

i floodplain processes. Watershed processes are
closely linked to streamflow and include fire STRATEGIC OBJECTIVES-" Strategic objectives
and erosion. Stream channel processes are a more detailed delineation of the

I include stream meander, gravel recruitment Strategic Goal components and provide a
and transport, water temperature, and framework to develop and organize targets

¯ hydraulic conditions. Floodplain processes and programmatic actions. A strategic

I include overbank flooding and sediment objective is the most specific and detailed
retention anddeposition, description of what the ERP strives to

maintain or achieve for an ecosystem element.

i HABITATS: Habitats are areas that provide The objectives are stated primarily in terms of
specific conditions necessary to support management actions designed to have a
plant, fish, and wildlife communities. Some favorable impact on the Bay-Delta system,
important habitats include gravel bars and however, some are also stated in terms of
riffles for salmon spawning beds, winter studies that will teach us how the ecosystem
seasonal floodplainsthatsupportjuvenilefish behaves so that principles of adaptive

I and waterbirds, and shallow near-shore management canbebetteremployed.
aquatic habitat shaded by overhanging tule
marsh and riparian forest. SPECIES /~ND SPECIES GROUPS: Certain

i species or groups of species are given
LONG- AND SHORT-TERM OBJECTIVES: particular attention in the ERP. This focus is

Objectives can be both short-term and long- based on three criteria that might be met by a

i term. Short-term objectives should be clearly species (including fish, wildlife, and plants):
feasible, relatively easy to measure, and 1) is it a formally listed threatened or
achievable in reasonable length of time endangered species(e.g., winter-runchinook
(usually <25 years). The time period is not the salmon, delta smelt), or is it a speciesI same as Stage process, proposed for listing; 2) it is economicallyI of the CALFED
Long-term objectives may be more difficult to important, supporting a sport or commercial
determine and require additional resources fishery (e.g., striped bas~, signal crayfish);

I 3) is a native species or species communityandknowledgetoachieve. it
that is presently not listed by which could be

PROGRAMMATIC ACTION: A programmatic if population abundance or distribution
represents declines, or 4) an important prey speciesaction a physical,operational, it is

legal, institutional change or alternative (e.g., Pacific herring).
means to achieve a target. The number of

I actions and their level of implementation isSTAGE 1 F~(I~ECTATIONS: Stage l expectations
subject to adjustment by adaptive are meant to be measures of the progress
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towards meeting short-term objectives in the The intent of the ERP is to achieve ecosystem
first 7 years of implementation program, health; targets are flexible tools to guide the
These expectations have two basic effort. The level of implementation for each
components: improvements in information to target will be determined or adjusted through
allow better management of the ecosystem adaptive management. Targets are categorized
and improvements in physical and biological according to the three levels of certainty
properties of the Bay-Delta ecosystem and described above: (1) targets that have
watershed, sufficient certainty of success to justify full

implementation in accordance with program
S~,AT~Gle GOAl.: Strategic goals are the broad priorities and staged implementation; (2)

statements that define the scope and purposes targets which will be implemented in stages
of the ERP. Strategic goals provide guidance with the appropriate monitoring and
in the development and evaluation of evaluation to judge benefits and successes;
proposed restoration actions, and (3) targets for which additional research,

demonstration and evaluations are needed to
STRESSORS’. Stressors are natural and unnatural determine feasibility or ecosystem response.

events or activities that adversely affect
ecosystem processes, habitats, and species. Examples of targets for tidal perennial aquatic
Environmental stressors include water habitat are to restore 1,500 acres of shallow-
diversions, water contaminants, levee water habitat in the Suisun Marsh/North San
confinement, stream channelization and bank Francisco Bay Ecological Management Zone,
armoring, mining and dredging in streams and and restore 2,000 acres of shallow-water
estuaries, excessive harvest of fish and habitat in the South Delta Ecological
wildlife, introduced predator and competitor Management Unit.
species, and invasive plants in aquatic and
riparian zones. Some major stressorsVISION: A vision is what the ERP will
affecting the ecosystem are permanent accomplish with the stated objectives, targets,
features on the landscape, such as large dams and programmatic actions for an ecological
and reservoirs that block transport of the process, habitat, species or species group,
natural supply of woody debris and sediment stressor, or geographical unit. The vision
in rivers or alter unimpaired flows, statements included in the ERP provide

technical background to    increase
T,~GE’r: A target is a qualitative or quantitative understanding of the ecosystem and its

statement of an implementation objective, elements. Two types of vision statements are
Targets are something to strive for but may included in the ERP: visions for ecosystem
change over the life of the program with new elements and visions for ecological zone. A
information and progress, or may vary resource vision addresses an individual
according totheconfigurationofstorageand ecological processes, habitat, species or
conveyance in all alternatives. Targets may species group, or stressor, while an ecological
include a range of values or a narrative zone vision addresses the integration of
description of the proposed future value of an ecological processes, habitats, species, and
ecosystem element. Targets are to be set stressors, within a clearly delineated
based upon realistic expectations, must be geographical area. Cumulatively, the visions
balanced against other resource needs and also provide detailed descriptions of the
must be reasonable, affordable, cost effective, ecosystem and its elements as they will look
and practicably achievable, and function after restoration is accomplished.
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I

RELATIONSHIP OF OTHER          application of water to gardens, lawns and farm

I CALFED COMMON fields can result in less runoff of herbicides,
pesticides, fertilizers, and salts back into water

PROGRAMS TO ~COSYSTEM bodies that provide drinking water sources and
RESTORATION aquatic habitats. Regardless, the issues related to

I water use efficiency are unresolved.
There are many linkages among the objectives in
the four resource areas and among the actions thatWATER TRANSFERS INTERRELATIONSHIPS:

i might be taken to achieve these objectives. MostA water transfer is a voluntary transaction in
actions that are taken to meet Program objectives,which a person or entity that possesses the right to
if carefully developed and implemented, willuse water can sell the use of the water for a period

I make simultaneous improvements in two, three, orof time to another person or entity. Transfers
even four resource areas, reduce the mismatch between supply and demand

by satisfying the strongest demands for water and

I The actions can be     ~ compensating others for reducing their use of that
grouped into categories of/~1

~~

supply. A water transfer that moves water fromwater use efficiency,t
upstream of the Delta to Delta export (water

I water transfers, water diversion from the Delta used for purposes outside
storage, Delta con- .~r the Delta) regions may provide ecosystem benefits
veyance modifications, by increasing flow into the Delta or modifying the

I 1 e v e e s y s t e m timing of flows in ways that may benefit the
improvements, ecosystem ecosystem. Transfers of water between two users
restoration, water quality in Delta export areas may reduce the need to

I improvements, watershed coordination, andpump water from the Delta and reduce the
financing. Specific actions range from physicalenvironmental impacts of that Delta pumping.
restoration of habitat in the Delta to waterTransfers can reduce the need for new or

I conservation measures. The actions in ourexpanded reservoirs. In some cases, conserved
problem-solving "toolbox" are described below, water can be transferred so the ability to transfer
along with examples of the problems that can bewater offers an economic incentive to conserve.

i solved and the multiple benefits that can be gainedFinally, water can be transferred from diverters to
from each type of action. Complete descriptions ofinstream uses, restoring beneficial timing of flows
program elements are contained in variousand increasing Delta outflow during critical
technical appendices to the draft programmaticperiods.I EIS/EIR.

WATER STORAGE INTERRELATIONSHIPS:

WATER USE EFFICIENCY INTERRELATION- CALFED is evaluating additional storage as oneI SHIPS: Water use efficiency include approach to increasing water supply reliability andmeasures
conservation of water used in urban areas, inproviding instream flow benefits during periods of
agricultural areas, and on wildlife refuges, as wellgreater ecosystem need. Storage can be used to

I as water recycling. Efficiency measures reduceimprove water supply reliability, provide water for
water demand, thereby reducing the mismatchthe environment at times when it is needed most,
between supply and demand. Efficiency measuresprovide flows timed to maintain water quality, and

I provide other benefits as well. Reduced demandprotect levees through coordinated operation with
can mean reduced diversion of water from theexisting flood control reservoirs.
Bay-Delta system and reduced diversion impacts

I associated with the entrainment of fish. EfficientDecisions to construct storage will be predicated
use can also yield water quality benefits. Carefulupon complying with all program linkages
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including: completion of the Integrated Storagepatterns, screening diversions, and providing
Investigation which includes and assessment ofalternative diversion points.
groundwater storage, surface storage, re-operation
of power facilities and a fish barrier assessment;DELTA LEVEE IMPROVEMENTS |NTER-
demonstrated progress in meeting the Program’sRELATIONSHIPS: Delta levee improvements
water use efficiency, water reclamation and waterreduce the risk that levees will fail during flood
transfer program targets; implementation ofperiods or as a result of earthquakes or gradual
groundwater monitoring and modeling programs;deterioration. This can protect not only lives and
and compliance with all environmental review andproperty of those who would otherwise have been
permitting requirements, flooded, but can also protect wildlife habitat from

inundation. Strong levees also protect water
New storage will be developed and constructed, quality for all who use Delta water. The land
together with aggressive implementation of watersurface of Delta islands is often below the level of
conservation, recycling and a protective waterthe water in surrounding channels because the
transfer market, as appropriate to meet CALFED organic peat soils have subsided over time. When
Program goals. During Stage 1, CALFED will a levee fails, water rushes onto the island and
evaluate and determine the appropriate mix ofdraws salty water up into the Delta from the Bay.
surface water and groundwater storage, identifyThis salty water in the Delta channels may be
acceptable projects and initiate permitting ofunsuitable for irrigation of crops on lands that are
construction if program linkages and conditionsnot flooded, and may be unsuitable as a drinking
are satisfied, water source for urban areas that get their water

from the Delta. Regaining a suitable supply may
DELTA CONV~/’,ad~CE MODIFICATIONS not be possible in the short-term or the long-term.
INTERRELATIONSHIPS: CALFED has examined
three broad choices for conveyance through theImprovements to Delta levees can be made in
Delta: minor physical modifications coupled withways that accommodate habitat restoration, so that
operational changes, increases in the capacity oflevees can simultaneously protect land uses,
certain Delta channels to facilitate conveyanceprotect water quality, and support a variety of
through the Delta, and a dual system that increaseswetland, aquatic, and riparian habitats.
the capacity of certain channels and includes a
new isolated channel to convey water from the SUISUN LEVEE IMPROVEMENTS
Sacramento River around the Delta to waterINTERRELATIONSHIPS: Suisun Marsh levee
export pumps in the south Delta. To varyingimprovements reduce the risk that levees will fail
degrees, all three decrease the detrimental effectsduring flood periods. This can protect property
on the ecosystem and Delta water users of usingand wildlife habitat from inundation. Widespread
the Delta for water conveyance, while improvinglevee failure in the Suisun Marsh pose a risk to
the effectiveness of the Delta as a conveyancemaintaining Delta water quality. Improvements to
hub. Suisun Marsh levees can be made in a way that

avoids significant impacts to fish and wildlife,
Conveyance modifications can enable drinkingresults in protection for areas being retained as
water to be moved through the Delta with less riskmanaged wetlands, and minimizes the expenditure
of contamination by seawater or naturallyof funds on levees that, in the short-term, maybe
occurring organic material found in the Delta.allow for restored tidal actions consistent with the
The conveyance modifications can also reduce thegoals and objectives of the ERP.
detrimental effects on fish of moving water
through the Delta by reducing unnatural flow

~ ¢Jv~D Volume I: Ecosystem Restoration Program Plan
--~ ~AY.D~.TA Ecological Attributes of the San Francisco Bay-Delta Watershed

~" ~ June 1999

C--01 8898
C-018898



I
WATER (~UALI’rY" INTERRELATIONSHIPS: REFERENCES
Program actions to improve water quality focus on

I source control: improving the quality of water thatCMARP Committee. 1998. ASteering proposal
flows through the Bay-Delta system by addressing for the development of a comprehensive
water quality concerns at their source. In some monitoring assessment and research program.I cases this may involve cleanup of abandoned Developed for CALFED the CMARPby
mines that leach toxic heavy metals from mine Steering Committee. Final Report. April 24,
tailings. In other cases, water quality may be 1998.50 pp.

I improved by conserving water on a farm or an
urban landscape, reducing the amount of runoffCostanza, R. and H. Daly. 1992. Natural capital
that finds its way back into streams, and sustainable development. Conservation

I Modifications to Delta conveyance can improve biology 1:31-45.
water quality in the Delta by reducing salinity.
This in turn can improve water supply reliability:Ecological Society of America. 1995. The

I high quality Delta water can be blended with scientific basis for ecosystem management.
lower quality water from other sources to stretch Ad Hoc Committee on Ecosystem
water supplies. Water quality improvements can Management. Washington, DC.

I also facilitate water recycling. When water is
used, it becomes saltier. Recycling this water mayHealey, M. 1998. Paradigms, policies and
produce water with unacceptable salinity levels if prognostication about watershed ecosystems

_ ~ source water is too salty to begin with. and their management. To appear in R. J.
Naiman and R. E. Bilby (eds.), Ecology and

W A r E R S H E O M A N A G E M E N T management of streams and rives in the

i COORDINATION INTERRELATIONSHIPS: The Pacific Northwest Coastal Ecoregion.
watershed management coordination element of Springer-Verlag. New York, NY.
the Program consists of engaging local watershed

I organizations in planning and implementing theHennessey, T.M. 1997. Ecosystem management:
CALFED Program and coordinating among these the governance dimension. Western Social
organizations to more efficiently and effectively Sciences Association Symposium.

i implement the CALFED Program. In the lower Albuquerque, April 23-16, 1997.
watershed, the focus will be on ecosystem
restoration and water quality actions. In the upperRichardson, J.S., and M. Healey. 1996. A healthy
watersheds, the immediate focus will be on Fraser River? How will we know when weI parmership projects with local entities in the upper achieve this state? Journalof Aquatic
watershed to improve water quality and habitat, Ecosystem Health 5:107- I 15.
decrease erosion, and increase base flows in the

i tributaries to the Delta. This coordinated approachStrategicPlan for the EcosystemRestoration
to improving the condition of watersheds can Program. 1998. Prepared by the Strategic Plan
increase the reliability of predictable amounts of Core Team for the CALFED Bay-DeltaI water flowing into the Delta during dry seasons by Program.September30, 1998.
slowing down the rate at which water leaves the
upper watershed. World Commission on Environment andI 1987. Our future.Development. common

Report of the World Commission on
Environment and Development. Oxford

I University Press. Oxford England.
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| ¯ Key Ecological Attributes of the
| San Francisco Bay-Delta Watershed

I Note: The following section is a summary of information also used in a broader context to refer to a subset
provided by the Indicators Workgroup (1998). of system attributes (or their measurable

parameters) that are derived and used as a group

I RATIONALE to provide a convenient way to evaluate overall
system status. Thus, the term "indicator" is

Understanding the structure, function andcommonly used in two somewhat different

I organization of ecosystems is necessary forecosystem management/restoration contexts,
planning and implementing environmentalrepresenting two differing scales of resolution:
restoration, rehabilitation and protection projects,that of individual attributes, or alternately, that of

I Such understanding enables managers to assess,groups of attributes. In either case, "indicators"
during planning phases of a program, the degreeare simply a convenient way of measuring or
to which prospective restoration sites diverge fromevaluating that which is of primary concern -

I a "healthy" or "natural" condition, as well as tosystem attributes. An additional, and most useful
evaluate, after actions have been undertaken,tool in understanding and describing fundamental
project progress and effectiveness. In acharacteristics of complex systems is the use of

i management context, perhaps the most practicalconceptual models that integrate and
means of summarizing the most relevant existingdiagrammatically represent the three basic kinds
information on ecosystems is to develop, over anof system components: elements (ata-ibutes), their
appropriate hierarchy of spatial and ecologicalstates, and the relationships that affect attribute

I scales, a key system -listof attributes those states.
fundamental natural ecological characteristics that
together define and distinguish these systems,This document presents a provisional list of

I their and/or their interrelationships. Such natural ecological attributes and indicator of thestatus,

lists of attributes may serve as a convenient andecosystems of this watershed for use in the context
necessary "check list" of environmental factorssummarized above.

I that might be addressed in an ecological
restoration/rehabilitation context. At sites for ECOSYSTEM TYPOLOGY
which comprehensive restoration is the goal, a full

I suite of applicable attributes would presumably beThe ERP study area is divided into four ecological
addressed. More commonly, at sites where partialzones, based on similarities and differences in
restoration (rehabilitation) is the goal, actions andtheir respective attributes. The ecological zone

I efforts would be focused upon an appropriatedesignations follow:
subset of attributes.

¯ Upland River-Floodplain Ecological Zone

I Some individual system attributes - such as water̄ Alluvial River-Floodplain Ecological Zone
temperature - may be evaluated directly. Others,̄ Delta Ecological Zone
such as "habitat continuity," are more nebulous,̄ Greater San Francisco Bay Ecological Zone

I and must be evaluated by developing appropriate
"indicators" - measurable parameters that provideThe following tables display the attributes and
a means to objectively (preferably quantitatively)indicators related to each ecological zone.

I evaluate individual attributes that in themselves
are not readily measured. The term indicator is
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Table 1: Ecological Zone: Upland River-Floodplain Ecosystem.

Ecosystem Typology: Upland river-floodplain ecosystems are def’med as rivers, streams, and associated riparian
corridors that extend from headwaters elevations in the Coast Ranges, Cascade Range, and Sierra Nevada to the point
near the floor of the Central Valley where they merge with alluvial fiver-floodplain ecosystems (in most cases near
the 300 foot (91.4 m) elevation contour). The Sacramento Kiver above Red Bluff is included in the upland river-~
riparian ecosystem. Most rivers and streams in this ecosystem correspond with the A2410 (fishless low-order!
tributaries) to A2430 (salmon-steelhead streams) series in the habitat classification system of Moyle and Ellison
(1991) and Moyle (1996).

INDICATOR A~IB~E INDICATO~
~E

Variable streamflows ¯ Minimum base flows
¯ Seasonal shifts in stream level
¯ Measures of variability

Floods ¯ Minimum surface area of floodplain inundated at least once
Hydrologic/ every 2 years

Hydrodynamic ¯ Flood duration (mean and variability)

Ground water ¯ Depth of water table
¯ Soil moisture levels, laterally from banks.
¯ Characteristic plant communities
¯ Width of riparian corridor

Dynamic Channels ¯ Bedload movement
¯ Sediment particle size and distribution
¯ Pool-to-riffle ratioGeomorphic
¯ Inter-annual comparison of fluvial geomorphic features

Sediment budget ¯ Net change in depth per unit time of unconsolidated sediment

Habitat mosaic and ¯ Extent and distribution of patches of all natural habitat types
connectivity ¯ presence and distribution of species requh-ing multiple

habitats
¯ Presence and distribution of native and migratory fish species
¯ Length of river channel obstructed by artificial barriers
¯ Length of riparian corridor unobstructed by artificial barriers

Water/sediment quality    ¯ Toxicity
¯ Concentrations in water and sediment

Habitat                                   ¯ Tissue concentrations
¯ Bioassays
¯ Biomarkers
¯ Bioindicators
¯ Contaminant loading

¯ Dissolved oxygen
¯ Turbidity-suspended solids
¯ Temperature
¯ Nutrients (N, P, C)
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Table 1: Ecological Zone: Upland River-Floodplain Ecosystem.

Instream habitat ¯ Pool-to-riffle ratio
complexity ¯ Abundance, distribution, and recruitment rate of large woodyHabitat

debris(continued) ¯ Shaded riverine aquatic habitat
¯ Diversity of flow velocity

Community Structure ¯ Trends in the abundance, diversity, composition, and
distribution of riparian insect assemblages, by functional
group

¯ Trends in the abundance, diversity, composition, and
distribution of benthic invertebrate assemblages, by
functional group

¯ Trends in abundance, reproductive success, diversity,
composition, and distribution of native resident and
migratory birds

¯ Trends in the abundance, diversity, composition, and
distribution of native mammalsBiological ¯ Trends in distribution, diversity, and structural complexity ofCommunities native plant associations

¯ Trends in abundance, diversity, composition, distribution and
trophic structure of natives fishes

= Invasive introduced species
¯ Measures of new invasions
¯ Abundance, spatial extent and distribution of selected

species
¯ Number of selected species eradicated or exhibiting no

net increase in distribution
= Population trends of selected listed species
¯ Fish and wildlife health

Community Nutrient loading = Nutrients fi’om salmon carcasses
Energetics/ ¯ Organic input from grazing animals

Nutrient Cycling ¯ Ratios of natural to anthropogenic sources of nutrients

I

LI

i~l
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I] Table 2: Eco!ogical Zone: Alluvial River-Floodplain Ecosystem.

Ecosystem Typology: Lowland rivers, as defined herein, constitute those waterways and their floodplains that
traverse the alluvial deposits of the Central Valley. The actual geomorphic "dividing line" between "upland" and
"lowland" river-floodplain systems (as defined in this document) generally occurs at about the 300 ft. elevation
contour. Lowland river-floodplain systems of the Central Valley are distributed across a vast area, covering
thousands of square miles. This does not include the Redding Basin, which is considered part of the upland mountain
river-floodplain ecosystem described in the previous section.

INDICATOR ATTRIBUTE INDICATORS
TYPE

Variable streamflows ¯ Minimum base flows
¯ Seasonal shifts in river level
¯ Measures of variability
¯ Geographic distribution of flows

Floods ¯ Minimum surface area of floodplain inundated at least once
Hydrologic/ every 2 years and every 10 years

Hydrodynamic ¯ Flood duration (mean and variability)
¯ Mean annual frequency

Ground water ¯ Depth of water table
¯ Soil moisture levels, laterally from banks.
¯ Characteristic plant communities
¯ Width of riparian corridor

Topography ¯ Mean width of available meander corridor
¯ Percent of river length not constrained by constructed levees
¯ Distribution and extent of floodplain habitats
¯ Distribution and extent of littoral zone

River meander ¯ Percent of fiver miles exhibiting naturalistic meandering

Geomorphic Sediment supply, ¯ Net change in depth per unit time of unconsolidated sediment
delivery, and movement ¯ Amount of coarse sediment delivered (as a proportion ofpre-
processes dam)

¯ Lateral exchange: river to floodplain
¯ Inter-annual comparison of fluvial geomorphic features
¯ Sediment particle size and distribution
¯ Pool-to-riffle ratio.

Habitat mosaic and ¯ Extent and distribution of patches of all natural habitat types
connectivity ¯ presence and distribution of species requiring multiple

habitats
Habitat ¯ Presence and distribution of migratory fish species

¯ Number of unnatural barriers interfering with natural
movements of native species, water flow, sediment transport
and supply, and nutrient transport

¯
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I

Table 2: Ecological Zone: Alluvial River-Floodplain Ecosystem.

I Water/sediment quality ¯ Toxicity
¯ Concentrations in water and sediment
¯ Tissue concentrations

I ¯ Bioassays
¯ BiomarkersHabitat ¯ Bioindicators

(continued) ¯ Contaminant loadingI ¯ Dissolved oxygen
¯ Turbidity-suspended solids
¯ TemperatureI ¯ Nutrients (N, P, C)

Community Structure ¯ Trends in the abundance, diversity, composition, and

I distribution of riparian insect assemblages, by functional
group

¯ Trends in the abundance, diversity, composition, and
distribution of benthic iavertebrate assemblages by functionalI group

¯ Trends in abundance, reproductive success, diversity,
composition, and distribution of native resident and

I migratory birds
¯ Trends in the abundance, diversity, composition, and

distribution of native mammalsBiological                            ¯ Trends in distribution, diversity, and structural complexity of

I native plant associationsCommunities

¯ Trends in abundance, diversity, composition, distribution and
trophic slructure of natives fishes

I ¯ Invasive introduced species
¯ Measures of new invasions
¯ Abundance, spatial extent and distribution of selected

I species
¯ Number of selected species eradicated or exhibiting no

net increase in distribution
¯ Population trends of selected listed speciesI ¯ Fish and wildlife health

Nutrient and energy ¯ Ratio of floodplain to river production

I Community supply ¯ Export of organic materials from floodplain to river channel
Energetics/ ¯ Percent increase in dissolved N and P after overbank flows

Nutrient Cycling ¯ Concentrations of dissolved N and P in groundwater at

i selected sites
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Table 3. Ecological Zone: Delta

Ecosystem Typology: The Delta is the easternmost (upstream) portion of the estuary, and today is clearly delimited
by a legal boundary that includes areas that historically were intertidal, along with supra-tidal portions of the
floodplains of the Sacramento and San Joaquin Rivers. Today’s legal Delta extends between the upper extent of the
tidewater (near the city of Sacramento on the Sacramento River and Mossdale on the San Joaquin River) and Chipps
Island to the west, and encompasses the lower portions of the Sacramento and San Joaquin river-floodplain systems
as well as those of some lesser tributaries (Mokelunme, Calaveras Rivers). The Sacramento and San Joaquin Rivers
enter the Delta from the north and south respectively, where they join and together discharge their contents near the
western margin of theDelta.

INDICATOR ATTRIBUTE INDICATORS

Positive seaward flow ¯ Delta outflow

Spatial and temporal ¯ Salinity at selected locations throughout the Delta
salinity patterns

Hydrologic/
Hydrodynamic Water circulation ¯ Composite measures

¯ Freshwater flow rates
¯ Water residence time
¯ Flow direction for selected channels

¯ Flows of tributaries mimic pattem of unimpaired flow

Flat topography ¯ Difference in percent of area flooded during MHHW versus
MLLW

Dendritic distributary ¯ Linear distance of channels per unit area
channel patterns ¯ Proportion of first, second, and third order channels per unit

Geomorphic
area

Channel morphology ¯ Bank slope

Physical connectivity ¯ Connectivity ofriverine channels to wetlands

Sediment production ¯ Marsh plain elevation relative to sea level
and acquisition ¯ Change in area of Delta islands and islets

Habitat mosaic and ¯ Extent and distribution of patches of all natural habitat types
connectivity ¯ presence and distribution of species requiring multiple

habitats
¯ Presence and distribution of migratory fish species
¯ Number of unnatural barriers interfering with natural

movements of native species, water flow, sediment transport

Habitat and supply, and nutrient transport

Water/sediment quality ¯ Toxicity
¯ Concentrations in water and sediment

¯ Tissue concentrations
¯ Bioassays
¯ Biomarkers
¯ Bioindicators
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Table 3. Ecological Zone: Delta

¯ Contaminant loading
¯ Dissolved oxygenHabitat ¯ Turbidity-suspended solids

(continued) ¯ Temperature
¯ Nutrients (N, P, C)
¯ SalinityiTDS

Community Structure ¯ Trends in abundance, diversity, composition, and distribution
of native phytoplankton and zooplankton assemblages

¯ Trends in the abundance, diversity, composition, and
distribution of benthic invertebrate assemblages

¯ Trends in abundance, reproductive success, diversity,
composition, and distribution of native resident and
migratory birds

¯ Trends in the abundance, diversity, composition, and
distribution of native mammals

¯ Trends in distribution, diversity, and structural ofcomplexity
native plant associationsBiological ¯ Trends in abundance, diversity, composition, distribution andCommunities trophic structure of native resident and anadromous fishes

¯ Cohort replacement and survival rates of selected life stages
of certain fish

¯ Invasive introduced species
¯ Measures of new invasions
¯ Abundance, spatial extent and distribution of selected

species
¯ Number of selected species eradicated or exhibiting no

net increase in distribution
¯ Population trends of selected listed species
¯ Fish and wildlife health

Plankton productivity ¯ Primary production rates
¯ Abundance of zooplankton

Benthic invertebrate ¯ Secondary production ofzoobenthos
production

Community Net transport/export of ¯ Flux ofdetrital organic matter
Energetics/ detrital organic matter

Nutrient Cycling from marshes to other
habitats

Variable sources of ¯ Nutrient loading
nutrient loading to the
Bay

!
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Table 4. Ecological Zone: Greater San Francisco B.,.ay.

Ecosystem Typology: Greater San Francisco Bay, as defined here, is that part of the estuary between Chipps Island
and the Golden Gate. It includes four major embayments: Suisun Bay and Marsh, San Pablo Bay, and central and
south San Francisco Bay.

INDICATOR ATTRIBUTE INDICATORS
TYPE

Freshwater inflow ¯ X2 location
¯ Salinity at selected locations throughout Bay

Hydrologic/ Spatial and temporal ¯ Salinity at selected locations throughout Bay
Hydrodynamic salinity patterns ¯ X2 location

Hydrodynamics ¯ Water movement and vertical mixing at select locations
throughout Bay

Sediment supply ¯ Net sediment accretion rate relativeto rate of sea-level rise at
subtidal and intertidal sites

Geomorphic                             ¯ Elevation at appropriate fixed sites in marshes and mudflats
throughout Bay. Compare to sea level

Habitat mosaic and ¯ Extent and distribution of patches of all natural habitat types
connectivity ¯ presence and distribution of species requiring multiple

habitats
¯ Presence and distribution of migratory fish species
¯ Number ofurmatural barriers interfering with natural

movements of native species, water flow, sediment transport
and supply, and nutrient transport

Water/sediment quality    ¯ Toxicity
Habitat                                   ¯ Concentrations in water and sediment

¯ Tissue concentrations
¯ Bioassays
¯ Biomarkers
¯ Bioindicators
¯ Contaminant loading

¯ Dissolved oxygen
¯ Turbidity-suspended solids
¯ Nutrients (’N, P, C)
¯ Salinity/TDS

¯
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!
Table 4. Ecological Zone: Greater San Francisco Bay,

I Community Structure ¯ Trends in abundance, diversity, composition, and distribution
of native phytoplankton and zooplankton assemblages

¯ Trends in the abundance, diversity, composition, and
¯ [] distribution of benthic invertebrate assemblages
¯ ¯ Trends in abundance, reproductive success, diversity,

composition, and distribution of native resident and

i migratory birds
¯ Trends in distribution, diversity,.and structural complexity of

native plant associations
Biological ¯ Trends in abundance, diversity, composition, distribution and

I Communities trophic structure of native resident and anadromous fishes
¯ Invasive introduced species

¯ Measures of new invasions

I ¯ Abundance, spatial extent and distribution of selected
species

¯ Number of selected species eradicated or exhibiting no

i net increase in distribution
¯ ’ ¯ Population trends of selected listed species

¯ Fish and wildlife health

i Plankton productivity ¯ Phytoplankton productivity
¯ Zooplankton productivity

Benthic invertebrate ¯ Benthic invertebrate productivity

i Community productionEnergetics/ ...
Nutrient Cycling Net transport/export of    F̄lux ofdetrital organic matter

detrital organic matter
from marshes to other
habitats

I REFERENCES the inland waters of California. California Fish
and Game 77:161-180.

Indicators Workgroup. 1998. Framework process
for CALFED ecosystem restoration program
ecological indicators development. Draft,

i August 27, 1998.40 pp + appendix.

Moyle, P.B. 1996. Status of aquatic habitat
types. Chapter 32, pages 945 - 952, in: Sierra
Nevada Ecosystem Project, Final Report to
Congress, vol. II, Assessments and Scientific

i Basis for Management Options. Davis:
University of California, Centers for Water and
Wildland Resources, 1996.

I Moyle, P. B. and J. P. Ellison. 1991. A
conservation-oriented classification system for
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i
- ¯ VISIONS FOR ECOSYSTEM ELEMENTS
I

The Strategic Plan for Ecosystem Restorationmanagement or restoration actions designed to
provides the scientific and practical framework for have a favorable impact on the Bay-Delta

I restoring the Bay-Delta watershed. The Strategicecosystem and watershed.
Plan guides the planning by providing 6 Strategic
Goals which bound the scope of ecosystemThis section provides the ERP vision for each of
restoration and numerous Strategic Objectivesthe ecosystem elements (ecological processes,
which provide more detailed direction and a basishabitats, species, and stressors). Each vision is a
by which to determine whether or not progress issnapshot of what the ERP intends to accomplish

I being made toward achieving the respective goal.during the long-term implementation program.
The majority of the goals are presented in terms of

i Table 5. Summary of Visions for Ecosystem Elements.

I

Ecosystem Element j Qision Summary

Ecosystem Processes

I Hydrology and Hydraulics

The vision for Central Valley streamflows is to protect and enhance the~

Central Valley     ecological functions that are achieved through the physical and biologicalI that operate within the stream channel and associated riparian andprocessesStreamflows floodplain areas in order to contribute to the recovery of species and the overall
health of the Bay-Delta.

I                                The vision for hydraulic processes in the Sacramento-San Joaquin Delta is to

Bay-Delta       restore channel hydraulics to conditions more like those that occurred during the

I Hydraulics mid-1960s. Historical hydraulic conditions provided migratory cues for aquatic
species; transport flows for eggs, larvae, and juvenile fish; and transport of
sediments and nutrients.

I Channel ProcessesForming

The vision for stream meander is to conserve and reestablish areas of active

I Stream Meander stream meander, where feasible, by implementing stream conservation programs,
setting levees back, and reestablishing natural sediment supply to restore riverine
and floodplain habitats for fish, wildlife, and plant communities.

i Natural Floodplains The vision for natural floodplains and flood processes is to conserve existing

and Flood Processes
intact floodplains and modify or remove barriers to overbank flooding to

i reestablish aquatic, wetland, and riparian floodplain habitats.

I
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Ecosystem Element Vision Summary

The vision for coarse sediment supply is to provide a sustained supply of alluvial
sediments that are transported by rivers and streams and distributed to riverine

Coarse Sediment    bed deposits, floodplains, channel bars, riffles, shallow shoals, and mudflats,
Supply        throughout the Sacramento-San Joaquin Valley, Delta, and Bay regions. This

would contribute to habitat structure, function, and foodweb production
throughout the ecosystem.

Cycling and Transport of Nutrients, Detritus, and Organisms

The vision for the Bay-Delta aquatic foodweb is to restore primary and secondary
productionto levels comparable to those during the 1960s and early 1970s.

Bay-Delta Aquatic
Restoring the Bay-Delta foodweb would require enhancing productivity andFoodweb reducing loss of productivity as a result of water exports from the system, and in
seeking to reduce or eliminate the adverse effects of introduced aquatic species.

Water Quality

The vision for Central Valley stream temperatures is to restore natural seasonal
Central Valley patterns of water temperature in streams, rivers, and the Delta to benefit aquatic

Stream Temperaturesspecies by protecting and improving ecological processes that regulate water
temperature and reducing stressors that change water temperature.

Habitats

The vision for tidal perennial aquatic habitats is to increase the area and improve
the quality of existing connecting waters associated with tidal emergent wetlands
and their supporting ecosystem processes. Achieving this vision will assist in the

Tidal Perennial recovery of special-status fish and plant populations and provide high-quality

Aquatic Habitat aquatic habitat for other fish, wildlife, and plant communities dependent on the
Bay-Delta. Restoring tidal perennial aquatic habitat would also result in higher
water quality and increase the amount of shallow-water and mudflat habitats;
foraging and resting habitats and escape cover for water birds; and rearing and,
foraging habitats, and escape cover for fish.

The vision for nontidal perennial aquatic habitat is to increase the area and
Nontidal Perennial improve the quality of existing open-water areas to provide high-quality habitat

Aquatic Habitat for waterfowl and other water birds. This vision can be achieved as a component
of saline and freshwater emergent wetland restorations.

The vision for Delta sloughs is to increase the area and improve the quality of
interconnected dead-end and open-ended Delta sloughs. Achieving this vision
will assist in the recovery of special-status fish and wildlife populations, provideDelta Sloughs     shallow-water habitats for fish spawning and rearing, and provide aquatic,

wetland, and riparian habitat for wildlife. Existing sloughs would be protected
and enhanced and the area of tidal slough habitat would be increased.

¯
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Ecosystem Element Vision Summary

The vision for midchannel islands and shoals is to increase and enhance the area
MidchannelIslands

and Shoals
and protect the quality of existing habitat for fish and wildlife dependent on the
Bay-Delta.

The vision is to increase the area and protect the quality of existing saline

Saline Emergent emergent wetlands from degradation or loss. Wetland habitat will be increased

Wetland
to assist in the recovery of special-status plant, fish, and wildlife populations.
Restoration will provide high-quality habitat for other fish and wildlife dependent
on the Bay-Delta.

The vision to increase area and improve the quality of existing freshis the
emergent wetlands from degradation or loss and increase wetland habitat.Fresh Emergent Achieving this vision will assist in the recovery of special-status plant, fish, and

Wetland wildlife and habitat for other fish and wildlifepopulations, providehigh-quality
dependent on the Bay-Delta.

The vision is to increase the area and improve the quality of seasonal wetlands
by restoring ecosystem processes that sustain them and reduce the effect of

Seasonal Wetlands    stressors that can degrade the quality of seasonal wetlands in order to assist in the
recovery of special-status plant and animal populations and provide high-quality
habitat for waterfowl, water birds, and other wildlife dependent on the Bay-Delta.

The vision for riparian and riverine aquatic habitats is to increase their area and
protect and improve their quality. Achieving this vision will assist in the
recovery of special-status fish and wildlife populations and provide high-quality

Riparian and habitat for other fish and wildlife dependent on the Bay-Delta. The visionRiverine Aquatic
includes restoring native riparian communities ranging from valley oak woodlandHabitats associated with higher, less frequently inundated floodplain elevations to willow
scrub associated with low, frequently inundated floodplain elevation sites such
as streambanks, point bars, and inchannel bars.

The vision for freshwater fish habitats is to protect existing habitat from
degradation or loss, to restore degraded habitats, and restore areas to a more

FreshwaterFish natural state. Freshwater fish habitat will be increased to assist in the recovery
Habitats

of special-status plant, fish, and wildlife populations. Restoration will provide
high-quality habitat for other fish and wildlife dependent on the Bay-Delta.

Essential Fish
The vision for essential fish habitats is to maintain and improve the quality of
existing habitats and to restore former habitats in order to support self-sustaining

Habitats of chinook salmon.populations

Inland Dune Scrub The vision for inland dune scrub habitat is to protect and enhance existing areas
and restore former habitat areas. Achieving this vision will provide high-quality

Habitat habitat for associated special-status plant and animal populations.
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Ecosystem Element Vision Summary

The vision is to protect and improve existing perennial grasslands and increase
perennial grassland area. This vision is a component of restoring wetland and

Perennial Grassland riparian habitats. Achieving this vision will provide high-quality habitat for
special-status plant and wildlife populations and other wildlife dependent on the
Bay-Delta.

The vision for agricultural lands is to improve associated wildlife habitat values
to support special-status wildlife populations and other wildlife dependent on the
Bay-Delta. Protecting and enhancing agricultural lands for wildlife would focus

Lands on encouraging production of crop types that provide high wildlife habitat value,Agricultural agricultural land and water management practices that increase wildlife habitat
value, and discouraging development of ecologically important agricultural lands
for urban or industrial uses in the Sacramento-San Joaquin Delta and Suisun
Marsh/North San Francisco Bay Ecological Management Zones.

Species and Species Groups

Priority Group I: At-risk native species dependent on the Bay-Delta system, most of them listed under
the State or federal Endangered Species Acts (ESA) or proposed for listing, whose management for
restoration will require substantial manipulations of the ecosystem (e.g., requiring large amounts of
fresh water at certain times of the year).

Vision Summary
Species (Conservation Strategy designation in parentheses, designations

are described at the end of this section.)

Fish Species

The vision for delta smelt is to recover this State- and federally listed threatened
species in order to contribute to the overall species richness and diversity of the
Bay-Delta. Achieving this vision will reduce the conflict between protection for

Delta Smelt this species and other beneficial water uses in the Bay-Delta. Increases in the
population and distribution of delta smelt can be realized through habitat
restoration accompanied by reductions in stressors.
(Conservation Strategy Designation: Recover)

The vision for longfin smelt is to recover this California species of special
concern and restore population distribution and abundance in the Bay-Delta

Longfin Smelt estuary so that it resumes its historical levels of abundance and its role as an
important prey species in the Bay-Delta aquatic foodweb.
(Conservation Strategy Designation: Recover)

¯
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Ecosystem Element Vision Summary

The vision for sturgeon is to recover this California species of specialgreen
concern and restore population distribution and abundance to historical levels.

Green Sturgeon    Restoration of this species would contribute to overall species richness and
diversity, and reduce conflict between the need for protection for these species
and other beneficial uses of water in the Bay-Delta.
(Conservation Strategy Designation: Recover)

The vision for splittail is to recover this federally listed threatened species in
order to contribute to the overall species richness and diversity and to reduce

Splittail conflict between protection for this species and other beneficial uses of water in
the Bay-Delta.
(Conservation Strategy Designation: Recover)

The vision for Central Valley chinook salmon is to recover all stocks presently
listed or proposed for listing under the ESA and CESA, achieve naturally
spawning population levels that support and maintain ocean commercial and

Chinook Salmon ocean and inland recreational fisheries, and that fully use existing and restored
habitats. This vision will contribute to the overall species diversity and richness
of the Bay-Delta system and reduce conflict between protection for this species
and other beneficial uses of water and land in the Central Valley.
(Conservation Strategy Designation: Recover)

The vision for winter-run chinook salmon is to recover this State and Federally
listed endangered species, achieve naturally spawning population levels that
support and maintain ocean commercial and ocean and inland recreational

Winter-run Chinook fisheries, and that fully uses existing and restored habitats. This vision will
Salmon        contribute to the overall species diversity and richness of the Bay-Delta system

and reduce conflict between protection for this species and other beneficial uses
of water and land in the Central Valley.
(Conservation Strategy Designation: Recover)

The vision for spring-run chinook salmon is to recover this stock which is.
proposed for listing as endangered under the ESA and listed as a threatened’
species under CESA, achieve naturally spawning population levels that support I

Spring-run Chinook and maintain ocean commercial and ocean and inland recreational fisheries, and
that fully use existing and restored habitats. This vision will contribute to theSalmon        overall species diversity and richness of the Bay-Delta system and reduce conflict

between protection for this species and other beneficial uses of water and land
in the Central Valley.
(Conservation Strategy Designation: Recover)

I ~ QtR~
Ecosystem Restora~on ProgramVolumeI: Plan

Ecologica/ Attributes of the San Francisco Bay-Detta Watershed
~ ~ ~ June 1999

~ i 27

C--01 891 3
C-018913



Ecosystem Element Vision Summary

The vision for late-fall-run chinook salmon is to recover this stock which is
presently proposed for listing under the ESA (it is included in the fall-run
chinook salmon evolutionarily significant unit), achieve naturally spawning
population levels that support and maintain ocean commercial and ocean andLate-fall-run

Chinook Salmon inland recreational fisheries, and that fully use existing and restored habitats.
This vision will contribute to the overall species diversity and richness of the
Bay-Delta system and reduce conflict between protection for this species and
other beneficial uses of water and land in the Central Valley.
(Conservation Strategy Designation: Recover)

The vision for the fall-run chinook salmon evolutionarily significant unit is to
recover all stocks presently proposed for listing under the ESA, achieve naturally
spawning population levels that support and maintain ocean commercial and

Fall-run Chinook ocean and inland recreational fisheries, and that fully use existing and restored
Salmon habitats. This vision will contribute to the overall species diversity and richness

of the Bay-Delta system and reduce conflict between protection for this species
and other beneficial uses of water and land in the Central Valley.
(Conservation Strategy Designation: Recover)

The vision for Central Valley steelhead trout is to recover this species listed as
threatened under the ESA and achieve naturally spawning populations of

Steelhead Trout sufficient size to support inland recreational fishing and that fully uses existing
and restored habitat areas.
(Conservation Strategy Designation: Recover)

Priority Group II: At-risk native species dependent on the Bay-Delta whose restoration is not likely to
require large-scale manipulations of ecosystem processes because they have limited habitat
requirements in the estuary and watershed (e.g., brackish water plants).

Fish Species

The vision for anadromous lampreys is to maintain and restore population
distribution and abundance to higher levels than at present. The vision is also to

Anadromous better understand life history and identify factors which influence abundance.
Lampreys Better knowledge of these species and restoration would ensure their long-term

population sustainability.
(Conservation Strategy Designation: Not Covered)                       ...

Mammal Species

The vision for the salt marsh harvest mouse is to contribute to the recovery of this
Salt Marsh State- and federally listed endangered species through restoring salt marsh habitat

Harvest Mouse in San Pablo and Suisun bays and adjacent marshes.
(Conservation Strategy Designation: Contribute to Recovery)
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Ecosystem Element Vision Summary

The vision for the San Pablo California vole is to contribute to theofrecovery
this California species of special concern and contribute to the overall species

San Pablo California richness and diversity. Achieving this vision will reduce conflict between
Vole         protection for this species and other beneficial uses of land and water in the Bay-

Delta.
(Conservation Strategy Designation: Contribute to Recovery)

The vision for the Suisun ornate shrew is to recover this California species of
special concern and contribute to the overall species richness and diversity.

Suisun Ornate ShrewAchieving this vision will reduce conflict between protection for this species and
other beneficial uses of land and water in the Bay-Delta.
(Conservation Strategy Designation: Recover)

Bird Species

The vision for the Swainson’s hawk is to contribute to the recovery of this State-
listed threatened species and contribute to the overall species richness and

Swainson’s Hawk diversity. Achieving this vision will reduce conflict between protection for this
species and other beneficial uses of land and water in the Bay-Delta.
(Conservation Strategy Designation: Contribute to Recovery)

The vision for the California clapper rail is to contribute to the recovery of this
State- and federally listed endangered species to contribute to overall species

California Clapper richness and diversity. Achieving this vision will reduce conflict between the
Rail          need for its protection and other beneficial uses of land and water in the Bay-

Delta.
(Conservation Strategy Designation: Contribute to Recovery)

The vision for the California black rail is to contribute to the recovery of this
State-listed threatened species and contribute to overall species richness and

California Black Raildiversity. Achieving this vision will reduce conflict between the need for its
protection and other beneficial uses of land and water in the Bay-Delta.
(Conservation Strategy Designation: Contribute to Recovery)

The vision for the Suisun song sparrow is to recover this California species of
special concern in Suisun Marsh and the western Delta and contribute to the

Suisun Song overall species richness and diversity. Achieving this vision will reduce conflict
Sparrow between protection for this species and other beneficial uses of land and water!

in the Bay-Delta.
(Conservation Strategy Designation: Recover)

The vision for the Alameda song sparrow is to restore this California species of
Alameda Song

special concern in the southern San Francisco Bay region.Sparrow        (Conservation Strategy Designation: Not~2overed)
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I
Ecosystem Element [ Vision Summary

Invertebrate Species

The vision for the valley elderberry longhorn beetle is to recover this federally
Valley Elderberry    listed threatened species by increasing their populations and abundance through
Longhorn Beetle habitat restoration.

(Conservation Strategy Designation: Recover)

Special Status Plant Species

The vision for Mason’s lilaeopsis is to recover this State listed rare plant by
Mason’s Lilaeopsisprotecting and preserving important habitat sites within the Bay-Delta.

(Conservation Strategy Designation: Recover)

The vision for Suisun Marsh aster is to recover this California Native Plant
Suisun Marsh AsterSociety List 1B plant species.

(Conservation Strategy Designation: Recover)

The vision for bristly sedge is to contribute to the recovery of this Califomia
Bristly Sedge Native Plant Society List 2 plant species.

(Conservation Strategy Designation: Contribute to Recovery)

The vision for Suisun thistle is to recover this federally listed endangered species
Suisun Thistle by protecting and preserving important habitat sites within the Bay-Delta.

(Conservation Strategy Designation: Recover)

The vision for soft bird’s beak is to recover this federally listed endangered
Soft Bird’s Beak species by protecting and preserving important habitat sites within the Bay-Delta.

(Conservation Strategy Designation: Recover)

The vision for Delta tule pea is to contribute to the recovery of this California
¯ Delta Tule Pea Native Plant Society List 1B plant species.

(Conservation Strategy Designation: Contribute to Recovery)

The vision for Delta mudwort is to contribute to the recovery of this California
Delta Mudwort Native Plant Society List 2 plant species.

(Conservation Strategy Designation: Contribute to Recovery)

The vision for alkali milkvetch is to contribute to the recovery of this California
Alkali Milkvetch Native Plant Society List 1B plant species.

(Conservation Strategy Designation: Contribute to Recovery)

Priority Group III: At-risk species that primarily live upstream of the estuary or in local watersheds
of San Francisco Bay.

Mammal Species

The vision for the riparian brush rabbit is to contribute to the recovery of this
Riparian Brush federally proposed and State-listed endangered species in the Bay-Delta through

Rabbit improvements in riparian habitat and reintroduction to its former habitat.
(Conservation Strategy Designation: Contribute to Recovery)
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Ecosystem Element Vision Summary

I The vision for the San Joaquin Valley woodrat is to contribute to the recovery of
this federally proposed endangered species through improvement in its habitat

San Joaquin Valleyto contribute to the overall species richness and diversity. Achieving this vision

I Woodrat will reduce conflict between protection for this species and other beneficial uses
of land and water in the Bay-Delta.
(Conservation Strategy Designation: Contribute to Recovery)

Fish Species

The vision for the Sacramento perch is to contribute to the recovery of thisI California species of special and contribute to the overallconcern species

Sacramento Perch
richness and diversity. Achieving this vision will reduce conflict between
protection for this species and other beneficial uses of land and water in the Bay-

I Delta.
(Conservation Strategy Designation: Contribute to Recovery)

I Bird Species

The vision for the greater sandhill crane is to contribute to the recovery of this
State-listed threatened species in the Bay-Delta. Recovery of the greater sandhillI Greater Sandhill would contribute to overall richness and thisspeciescane diversity.Achieving

Crane vision will reduce conflict between the need for its protection and other beneficial
uses of land and water in the Bay-Delta.

I (Conservation Strategy Designation: Contribute to Recovery)

The vision for the western yellow-billed cuckoo is to contribute to the recovery

I of this State-listed endangered species. Recovery of this species would
Western Yellow- contribute to overall species richness and diversity. Achieving this vision will
Billed Cuckoo reduce conflict between the need for its protection and other beneficial uses of

i land and water in the Bay-Delta.
(Conservation Strategy Designation: Contribute to Recovery)

The vision for the bank swallow is to contribute to the recovery of this State-
listed threatened species. Recovery of the bank swallow would contribute to

Bank Swallow
overall species richness and diversity. Achieving this vision will reduce conflict
between the need for its protection and other beneficial uses of land and water in

I the Bay-Delta.
(Conservation Strategy Designation: Contribute to Recovery)

i The vision for the Western least bittern is to contribute to the recovery of this

Western Least
California species of special concern to contribute to the overall species richness
and diversity. Achieving this vision will reduce conflict between protection forBittern

i this species and other beneficial uses of land and water in the Bay-Delta.
(Conservation Strategy Designation: Contribute to Recovery)

I
I
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Ecosystem Element Vision Summary

The vision for the Least Bell’s vireo is to contribute to the recovery of this State
and federally listed endangered species to contribute to the overall species
richness and diversity. Achieving this vision will reduce conflict betweenLeast Bell’s Vireo protection for this species and other beneficial uses of land and water in the Bay-
Delta.
(Conservation Strategy Designation: Contribute to Recovery)

The vision for the California yellow warbler is to contribute to the recovery ofCalifornia Yellow
this California species of special concern.Warbler (Conservation Strategy Designation: Contribute to Recovery)

The vision for the little willow flycatcher is to contribute to the recovery of this
State-listed endangered species. Recovery of the little willow flycatcher would

Little Willow contribute to overall species richness and diversity. Achieving this vision will
Flycatcher reduce conflict between the need for its protection and other beneficial uses of

land and water in the Bay-Delta.
(Conservation Strategy Designation: Contribute to Recovery)

Reptile and Amphibian Species

The vision for the giant garter snake is to contribute to the recovery of this State-
and federally listed threatened species in order to contribute to the overall species
richness and diversity. Achieving this vision will reduce the conflict betweenGiant Garter Snake protection for this species and other beneficial uses of land and water in the Bay-
Delta.
(Conservation Strategy Designation: Contribute to Recovery)

The vision for the California tiger salamander is to maintain existing populations
of this Federal candidate species in the Bay-Delta. Achieving this vision will

Califomia Tiger contribute to overall species richness and diversity and reduce conflict between
Salamander the need for their protection and other beneficial uses of land and water in the

Bay-Delta.
(Conservation Strategy Designation: Maintain)

The vision for the western spadefoot toad is to maintain this California species

Western Spadefoot of special concern in the Bay-Delta. Achieving this vision will contribute to
overall species richness and diversity and reduce conflict between the need forToad
their protection and other beneficial uses of land and water in the Bay-Delta.
(Conservation Strategy Designation: Maintain)

The vision for the California red-legged frog is to maintain populations of this
California Red- federally listed threatened species. Achieving this vision will contribute to the

Legged Frog overall species richness and diversity and to reduce conflict between protection
for this species and other beneficial uses of land and water in the Bay-Delta.
(Conservation Strategy Designation: Maintain)
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Ecosystem Element                            Vision Summary

I The vision for native is to contribute to their restoration. ]anuranamphibians
Native Anuran Note: western spadefoot and California red-legged frog are discussed
Amphibians individually. (Conservation Strategy Designation: foothill yellow-legged frog =

I maintain, other species = not covered)

The vision for the western pond turtle is to maintain the abundance and

I distribution of this California species of special concern in order to contribute to

Western Pond Turtle
the overall species richness and diversity. Achieving this vision will reduce the
conflict between protection for this species and other beneficial uses of land and

I water in the Bay-Delta.
(Conservation Strategy Designation: Maintain)

Invertebrate Species

I                                The vision for the delta green ground beetle is to contribute to the recovery of
Delta Green Groundthis federally listed threatened species by increasing their populations and

I Beetle abundance through habitat restoration.
(Conservation Strategy Designation: Contribute to Recovery)

The vision for the Lange’s metalmark butterfly is to recover this federally listedI Lange’s endangered species by increasing existing Lange’s populationMetalmark the metalmark
Butterfly distribution and by increasing its abundance.

(Conservation Strategy Designation: Recover)
I The vision for the California freshwater shrimp is to maintain populations of this

California federally listed endangered species by maintaining its existing distribution and

I Freshwater Shrimp abundance.
(Conservation Strategy Designation: Maintain)

Plant Species

I                               The vision for fragrant fritillary is to maintain populations of this California
Fragrant Fritillary Native Plant Society List 1B plant species.

I
(Conservation Strategy Designation: Not Covered)

" The vision for recurved larkspur is to maintain populations of this California
Recurved Larkspur Native Plant Society List 1B plant species.I (Conservation Strategy Designation: Maintain)

The vision for mad-dog skullcap is to maintain populations of this California

I Mad-dog Skullcap Native Plant Society List 2 plant species.
(Conservation Strategy Designation: Maintain)

The vision for rose-mallow is to maintain populations of this California NativeI Plant Society List 2 plant species.Rose-mallow
(Conservation Strategy Designation: Maintain)

I ~ C~d)
Volume I: Ecosystem Restoration Program Plan

Z~t~ZLrA Ecological Attributes of the San Francisco Bay-Delta Watershed
~ F~OQU~ June 1999

|

891 9
C-018919



i
,,,Ecosystem Element                             Vision Summary

The vision for eel-grass pondweed is to maintain populations of this California!
Eel-grass PondweedNative Plant Society List 2 plant species.

(Conservation Strategy Designation: Maintain)

The vision for Colusa grass is to maintain populations of this federally listed1
Colusa Grass threatened and State-listed endangered species.

(Conservation Strategy Designation: Maintain)
I

The vision for Boggs Lake hedge-hyssop is to maintain populations of this State-Boggs Lake Hedge-
listed endangered species.

hyssop (Conservation Strategy Designation: Maintain)
I

Contra Costa The vision for Contra Costs goldfields is to maintain populations of this federally
listed endangered species.

IIGoldfields (Conservation Strategy Designation: Maintain)

The vision for legenere is to maintain populations of this California Native Plant
Legenere Society List 1B plant species.

(Conservation Strategy Designation: Maintain)

The vision for dwarf downingia is to maintain populations of this California
Dwarf Downingia Native Plant Society List 2 plant species. 1

(Conservation Strategy Designation: Not Covered)

The vision for Crampton’s tuctoria is to contribute to the recovery of thisi
Crampton’s Tuctoriafederally and State-listed endangered species.

(Conservation Strategy Designation: Contribute to Recovery)

The vision for heartscale is to maintain populations of this California Nativei
Heartscale Plant Society List 2 plant species.

(Conservation Strategy Designation: Maintain)

The vision for Antioch Dunes evening-primrose is to recover this federally andAntioch Dunes
Evening-primrose State-listed endangered species.

I(Conservation Strategy Designation: Recover)

The vision for Contra Costa wallflower is to recover this federally and State-Contra Costa
listed endangered species. []Wallflower       (Conservation Strategy Designation: Recover)
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Ecosystem Element [                           Vision Summary

I IV: Native in the and watershed that not at risk extinction thatPriority Group species estuary are yet of
have the potential to achieve that status if steps are not taken to reverse their declines or keep
populations at present levels. Their rehabilitation either does not depend on conditions in the Bay-Delta

I system or depends on unknown factors.

Fish Species

I The vision for resident fish species is to maintain and restore the distribution and
abundance of native species, such as Sacramento blackfish, hardhead, and tule

I Native Resident Fishperch to contribute to the overall species richness and diversity. Achieving this
Species vision will reduce conflict between protection for this species and other

beneficial uses of land and water in the Bay-Delta. (Conservation Strategy
Designation: hardhead = maintain, other species = Not Covered)

I
Invertebrate Species

I The vision for the Bay-Delta aquatic foodweb organisms is to maintain and
Bay-Delta Aquatic restore the Bay-Delta estuary’s once-productive food base of aquatic algae,

Foodweb Organismsorganic matter, microbes, and zooplankton communities.
(Conservation Strategy Designation: Not Covered)

I
Bird Species

I The vision for the shorebird and wading bird guild is to maintain and restore
Shorebird and healthy populations of shorebirds and wading birds through habitat protection

Wading Bird Guild and restoration and reduction in stressors.

i (Conservation Strategy Designation: Not Covered)

The vision for waterfowl is to maintain and restore healthy populations at levels
that can support consumptive (e.g., hunting), and nonconsumptive (e.g.,

I birdwatching) uses consistent with the goals and objectives of the Central ValleyMigratory Waterfowl
Habitat Joint Venture as part of the North American Waterfowl management
Plan.

I (Conservation Strategy Designation: Not Covered)

Neotropical The vision for the neotropical migratory bird guild is to maintain and restore

I Migratory healthy populations of neotropical migratory birds through restoring habitats on

Bird Guild which they depend. Note: several neotropical species are discussed individually.
(Conservation Strategy Designation: Not Covered)

I The vision for upland game is to maintain and restore healthy populations of
native upland game species at levels that can support both consumptive (e.g.,

Upland Game hunting) and nonconsumptive (e.g., birdwatching) uses, through protection and

I improvement of habitats and reduction in stressors.
(Conservation Strategy Designation: Not Covered)
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Ecosystem Element I Vision Summary

Plant Species

The vision for plant community groups is to maintain and restore existing and
Plant Community    rehabilitate degraded habitats that support the diverse assemblages of plants in

Groups the Bay-Delta.
(Conservation Strategy Designation: Not Covered)

Species covered by Strategic Goal 3: Maintain and enhance populations of selected species for
sustainable commercial and recreational harvest.

Fish Species

The vision for striped bass is to restore populations to levels of abundance
consistent with the Fish and Game Commission’s striped bass policy. This will

Striped Bass support a sport fishery in the Bay, Delta, and tributary rivers, and to reduce the
conflict between protection of striped bass and other beneficial uses of water in
the Bay-Delta. (Conservation Strategy Designation: Not Covered)

The vision for white sturgeon is to maintain and restore population distribution
and abundance to historical levels. Restoration would support a sport fishery for
white sturgeon, and contribute to overall species richness and diversity and

White Sturgeon    reduce conflict between the need for protection for these species and other
beneficial uses of water in the Bay-Delta.
(Conservation Strategy Designation: Not Covered)

The vision for American shad is to maintain a naturally spawning population,
consistent with restoring native species, that supports a sport fishery similar to

American Shad the fishery that existed in the 1960s and 1970s. Achieving this vision will reduce
the conflict between protection of this species and other beneficial uses of water
in the Bay-Delta.
(Conservation Strategy Designation: Not Covered)

Non-native The vision for non-native warmwater gamefish is to maintain self-sustaining
Warmwater populations in order to provide opportunities for consumptive use such as fishing.
Gamefish (Conservation Strategy Designation: Not Covered)

The vision for Pacific herring is to maintain self-sustaining populations in order
Pacific Herring to support commercial fishing.

(Conservation Strategy Designation: Not Covered)

Invertebrate Species

The vision for signal crayfish is to maintain self-sustaining populations in order
Signal Crayfish to support recreational and commercial fishing.

(Conservation Strategy Designation: Not Covered)

The vision for grass shrimp is to maintain self-sustaining populations in order to
Grass Shrimp support existing commercial fisheries.

(Conservation Strategy Designation: Not Covered)
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Ecosystem Element [                           Vision Summary

I Stressors

The vision for water diversions is to reduce the adverse effects of water

I diversions, including entrainment of all life stages of aquatic species, by
installing fish screens, consolidating or moving diversions to less sensitive

Water Diversions locations, removing diversions, or reducing the volume of water diverted.

I Achieving this vision will assist in the recovery of State- and federally listed fish
species, improve important sport fisheries, and improve the Bay-Delta aquatic
foodweb.

i The vision for dams and other structures is to reduce their adverse effects by
Dams and Other improving fish passage and enhancing downstream fish habitat. Reducing these

Structures adverse effects will assist in the recovery of State- and federally listed fish
and contribute sustainableand commercial fisheries.species to sport

The vision for levees, bridges, and bank protection is to reduce the adverse

I Levees, Bridges, andeffects of these structures in order to improve riverine and floodplain habitat
Bank Protection conditions to assist in the recovery of State- and federally listed fish species, and

other fish and wildlife.

I The vision for dredging and sediment disposal in the Bay-Delta is to maintain
adequate channel depth for navigation, flood control, and water conveyance

i Dredging and while reducing the adverse effects of dredging activities on the Bay-Delta

Sediment Disposal
ecosystem. Dredged material disposal would be environmentally sound and the
use of nontoxic dredged material would be promoted as a resource for restoring
tidal wetlands and other habitats, reversing Delta island subsidence, andI dikes and levees.improving

The vision for gravel mining is to improve gravel transport and cleansing by

I reducing the adverse effects of instream gravel mining. Achieving this vision
Gravel Mining would help to maintain or restore flood, floodplain, and streamflow processes

that govern gravel supply to improve fish spawning and floodplain habitats.

I The vision for invasive aquatic plants is to reduce their adverse effects on native
Invasive Aquatic species and ecological processes, water qualit~ and conveyance systems, and

Plants major rivers and their tributaries.

The vision for invasive aquatic organisms is to reduce their adverse effects on the !
foodweb and on native species resulting from competition for food and habitat

I and direct predation. This vision can be accomplished through enforcement of
InvasiveAquatic State laws regulating ballast water dumping and other measures designed to

Organisms      reduce the number of new, potentially harmful species introduced accidentally

into the Bay-Delta estuary. Habitat changes or direct control measures may
reduce their effects in specific cases.

!
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Ecosystem Element Vision Summary

The vision for invasive riparian and salt marsh plant species is to reduce theirInvasive Riparian adverse effects on native species and ecological processes, water quality and
and Marsh Plants water conveyance systems, and major rivers and their tributaries.

The vison for zebra mussel is to establish procedures to prevent or delay their
Zebra Mussel introduction and to set up protocols to swiftly treat and eliminate any

introduction.

The vision for non-native wildlife species is to implement a program to reduce
Non-Native Wildlife the numbers of harmful non-native wildlife species (i.e., those that threaten the

diversity or abundance of native species or the ecological stability of an area).

The vision for predation and competition is to reduce unnatural levels to restore
Predation and fish populations by removing, redesigning, or reoperating inwater structures,Competition

diversion dams, and hatchery practices.

The vision for contaminants is to ensure that all waters ofmainstem rivers and
tributaries entering the Bay-Delta, and all waters of the Bay-Delta, are free of
deleterious concentrations of toxic substances. The vision includes preventing,

Contaminants controlling, or reducing damaging levels of high-priority contaminants by
remediating mine wastes, minimizing boat discharges and dredging effects,
managing flows, restoring habitat, managing watersheds, and supporting existing
programs for controlling agricultural and urban point and nonpoint sources.

The vision for fish and wildlife harvest is to support strategies that maintain a
sustainable commercial and recreational chinook salmon fishery in a manner
consistent with the recovery of individual stocks; steelhead trout harvest

Fishand Wildlife    strategies that fully protect naturally spawning stocks while redirecting harvest
Harvest        to hatchery-produced stocks; the continued legal harvest of striped bass and

reduction of illegal harvest; and the present white sturgeon harvest strategy,
which protects the species from overexploitation while providing a sustainable
trophy fishery.

The vision for the artificial propagation of fish is to modify existing hatcheries
Artificial Fish and hatchery practices in ways to augment salmon and steelhead populations
Propagation without having detrimental effects on naturally spawning populations of salmon

and steelhead.

The vision for stranding is to reduce the magnitude of the number of aquatic
organisms lost when rivers recede or overflow into flood bypasses and to

Stranding reconnect areas that become isolated with flowing water and to reduce the
frequency by which low-lying areas are inundated.

The vision for disturbance is to reduce the adverse effects of boating and other
Disturbance recreational activities, temporary habitat disturbances, and other human activities

on wildlife and their habitats in the Bay-Delta.
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CONSERVATION STRATEGY within the ERP Ecological Management Zones

SPECIES DESIGNATIONS
and program scope necessary to recover the
species.

The Multi-species Conservation Strategy (MSCS)
CONTRIBUTE TO RECOVERY ("r"): For thoseaddresses all federally and State listed, proposed,species designated "r," the CALFED Program will

and candidate species that may be affected by themake specific contributions toward the recovery
CALFED Program; other species identified by of the species. The goal "Contribute to Recovery"CALFED that may be affected by the Program was generally assigned to those species for which
and for which adequate information is availableCALFED Program actions affect only a limited
also are addressed in the MSCS. The termportion of the species range and/or CALFED
"evaluated species" is used to refer to all of theProgram actions have limited effects on the
species addressed by the Conservation Strategy.species. In the case of a species with a recovery
Please refer to the MSCS appendix (boundplan, this may mean implementing some of the
separately) for more information and for ameasures identified in the plan. For speciescomplete listofevaluatedspecies, without a recovery plan, this would mean

implementing specific measures that wouldRECOVERY "R": For those species designated benefit the species. In sum, a goal of contributing
"R" the CALFED Program has established a goalto a species’ recovery implies that CALFED will
to recover the species within the CALFED ERP undertake some of the actions within its
Ecological Management Zones. A goal ofgeographic scope necessary to recovery the
"Recovery" was generally assigned to thosespecies.
species whose range is entirely or nearly entirely
within the area affected by the CALFED Program

MAINTD, IN ("M’~’): For those species designated
and for which CALFED could reasonably be "m," the CALFED Program will undertake actions
expected to undertake all or most of the actionsto maintain the species (this category is less
necessary to recovery the species. The termrigorous than Contribute to Recovery). The goal
"recover" generally means the decline of a species"Maintain" was generally assigned to species
is arrested or reversed, threats to the species areexpected to be minimally affected by CALFED
neutralized, and thus, the species’ long-termactions. For this category, CALFED will ensure
survival in nature is assured. In the case of mostthat any adverse effects to the species are
species listed under the Federal ESA, recovery isaddressed commensurate with the level of effect
equivalent, at a minimum, to the requirements ofon the species; thus, actions may not actually
delisting. For certain species, such as anadromouscontribute to the recovery of the species, but
fish, with threats outside the geographic scope orwould be expected, at a minimum, to not
purview of the CALFED Program, CALFED may contribute to the need to list an unlisted species or
not be capable of completely recovering thedegrade the status of an already listed species.
species, but will implement all necessary recoveryCALFED will also maximize beneficial effects on
actions within the ERP Ecological Managementthese species to the extent practicable.
Zones. For other species, CALFED may choose a
goal that aims to achieve more than would be
required for delisting (e.g., restoration of a species
and/or its habitat to a level beyond delisting
requirements). The effort required to achieve the
goal of "Recovery" may be highly variable
between species. In sum, a goal of "Recovery"
implies that CALFED will undertake all actions

I
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!
- ECOLOGICAL PROCESS VISIONS

!
INTRODUCTION selection as an

t ecosystem element.

This section presents visions for ecological
Visions describetheroleprocesses~ Ecological processes act directly,

" I
indirectly, or in combination, to shape and formand importance of each

the ecosystem. These include streamflow,process in maintaining
the health of the Bay-watershed, stream channel, and floodplain

I processes. Watershed processes are closely linked
Delta, and a description

to streamflow and include fire and erosion,
of how the process

Stream channel processes include stream meander,currently operates in the

I ecosystem, stressors and changes to othergravel recruitment and transport, water
temperature, and hydraulic conditions. Floodplainprocesses that have altered how they operate in the

processes include overbank flooding and sedimentecosystem. The Strategic Plan objectives, targets,

I retention and deposition. Physical and biologicaland programmatic actions are presented here and

processes addressed are those that have a strongmore fully described in Volume II: Ecological

effect in shaping and influencing the Bay-DeltaManagement Zone Visions. Table 8 presents the

i ecological management zone in which Strategicecosystem. These processes can also be managed
Plan objectives, targets, and programmatic actionsto improve the health of the Bay-Delta ecosystem

and its resources. Table 6 identifies importanthave been proposed to accomplish each ecological

ecological processes and the related Strategic Planprocess vision.

objective. Table 7 presents the basis for their

i Table 6. Strategic Plan Goal and Objectives for Ecological Processes.

Goal 2. Rehabilitate natural processes in the Bay-Delta estuary and its watershed to support, with
I minimal human natural and associated terrestrial biotic communities,ongoing intervention, aquatic

in ways that favor native members of those communities.

I Ecological Process Strategic Plan Objective

Manage the hydrologic regime for the Bay-Delta

I system in ways that favor native species, desirable
¯ non-native species, and natural habitats.

Central Valley Streamflows Make sure that high flows occur frequently enough
and in regulated streams to maintain channel and

Central Valley Stream Temperatures sediment conditions favorable to native aquatic and
riparian organisms.I
Create flow and temperature regimes in regulated

i rivers that favor native aquatic species.
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Goal 2. Rehabilitate natural processes in the Bay-Delta estuary and its watershed to support, with
minimal ongoing human intervention, natural aquatic and associated terrestrial biotic communities,
in ways that favor native members of those communities.

Ecological Process Strategic Plan Objective

Restore coarse sediment supply to sediment-starvedCoarse Sediment Supply
rivers downstream of reservoirs.

Increase the extent of freely meandering reaches
StreamMeander and other pre-1850 river channel forms.

Re-establish frequent inundation of floodplains by
removing, breaching, or setting back levees and, in

Natural Floodplains and Flood Processes      regulated rivers, by providing flow releases capable
of inundating floodplains

Establish and manage a hydrodynamic regime for
the Bay-Delta estuary that favors native species,
desirable non-native species, and natural habitats by

Bay-Delta Hydraulics providing species needs such as migratory cues,
transport, food web support, and rearing habitat,
andrestoring and maintaining important aquatic and
terrestrial habitats.

Bay-Delta Aquatic Foodweb Increase estuarine productivity.
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Table 7. Basis for Selection of Ecological Process Ecosystem Elements.

Ecological Process Basis for Selection as an Ecosystem Element

Virtually all streams in the region are regulated to a greater or lesser degree and the
regulated flow regimes frequently favor non-native fishes. The native fish
assemblages (including those with anadromous fishes) are increasingly uncommon.
Recent studies in Putah Creek, the Stanislaus River, and the Tuolumne River
demonstrate that native fish assemblages can be restored to sections of streams if
flow (and temperature) regimes are manipulated in ways that favor their spawning
and survival, usually by having flow regimes that mimic natural patterns and
increasing flows during summer months. Native invertebrates and riparian plants
may also respond positively to these flow regimes. Achievement of this objective
will require additional experimentation with flows below dams (or the re-regulation
of existing flow regimes) to determine the optimal flow/habitat conditions for
native organisms, as part of the short term goal. Part of the studies should be to
determine if the objective can be achieved without ’new’ water, by just altering the
tfming of releases or by developing conjunctive use agreements that allow more

Central Valley water to flow down the stream channel. These findings can then be applied
Streamflows opportunistically to achieve the long-term goal.

and Native aquatic and riparian organisms in the Central Valley evolved under a flow
regime with pronounced seasonal and year to year variability. Frequent (annual or

Central Valley biannual) high flows mobilized gravel beds, drove channel migration, inundated
Stream floodplains, maintained sediment quality for native fishes and invertebrates, and

Temperatures maintained complex channel and floodplain habitats. By deliberately releasing
such flows from reservoirs, at least some of these physical and ecological functions
can probably be recreated. A program of such high flow releases (commonly
termed ’flushing flows’) lends itself well to adaptive management, because the
flows can easily be adjusted to determine the level needed to achieve specific
objectives. However, it should be recognized that channel adjustments may lag
behind hydrologic changes by years or decades, which requires that monitoring be
long-term. Also, on most rivers, reservoirs are not large enough to eliminate

these will continueaffect channel form atextremelylarge,infrequenteventsso to
irregular intervals; artificial high flow events may be needed to maintain desirable
channel configurations created during the natural events. This objective is similar
to the previous but differs in its focus on high flow events that are likely to be Ione,
higher than those needed to maintain most native fish species but important for~
maintaining in-channel and riparian habitats for other species (invertebrates, birds,,
mammals, etc.).
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Ecological Process Basis for Selection as an Ecosystem Element

One of the major negative effects of dams is the capture of coarse sediments that
naturally would pass on to downstream areas. As a result, the downstream reaches
can become sediment starved, producing ’armoring’ of streambeds in many (but not
all) rivers to the point where they provide greatly reduced habitat for fish and
aquatic organisms and are largely unsuitable for spawning salmon and other
anadromous fish. Accomplishing this objective can be done by a wide variety of
means, but most obviously through artificial importation of gravel and sand. Other
possible actions include: (1) explore the feasibility of passing sediment through

Coarse Sediment small reservoirs; (2) remove nonessential or low-value dams; (3) eliminate instream
Supply gravel mining on channels downstream of reservoirs, and limit extraction on

unregulated channels to 50 percent of estimated bedload supply or less (or levels
determined not to negatively impact fish and other ecological resources); (4)
develop incentives to discourage mining of gravel from river channels and adjacent
floodplain sites; and (5) develop programs for comprehensive sediment
management in each watershed, accounting for sediment trapped by reservoirs,
availability of sediment from tributaries down stream of reservoirs, loss of
reservoir capacity, release of sediment-starved water downstream, channel incision
and related effects, and the need for sources of construction aggregate.

Freely migrating rivers have the highest riparian and aquatic habitat diversity of all:
riverine systems. Through the process of meandering, eroding concave banks and
building convex banks, the channel creates and maintains a diversity of surfaces
thatsupport a diversity of habitats, from pioneer riparian plants on newly deposited

Stream Meander    point bars to gallery riparian forest on high banks built ofoverbank silt deposits. !
Similarly, wandering or braided rivers support distinct habitat types and thus are
beneficial to maintain. Flood plain restoration can also increase flood protection for
urban areas and increase the reliability of stored water supplies in reservoirs
(because reservoirs can be maintained at higher levels because of reduced need to
catch flood waters).

Frequent (usually annual or biannual) flood plain inundation was an important
attribute of the original aquatic systems in the Central Valley and was important for
maintaining diverse riverine and riparian habitats. Important interactions between
channel and floodplain include overflow onto the floodplain, which (1) limits shear
stress exerted on the bed, reducing channel incision, (2) acts as a "pressure relief
valve," permitting a larger range of sediment grain sizes to remain on the channel

Natural       bed, (3) increases the complexity and diversity of instream and riparian habitats,
Floodplains and    and (4) stores flood water (thereby decreasing flooding downstream). The
Flood Processes floodplain also provides shading, food organisms, and large woody debris to the

channel. Floodplain forests serve as filters to improve the quality of water reaching
the stream channel by both surface flow and groundwater. The actions necessary
to re-establish active inundation will probably require major land purchases or
easements, and financial incentives to move existing floodplain uses elsewhere, as
has been done in the Midwest since the severe floods of the Mississippi River and
its tributaries in 1993.

¯
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i
Ecological Process                 Basis for Selection as an Ecosystem Element

l Bay-Delta hydraulics refers to the direction and velocity of flows in the Bay-Delta
channels on a temporal, tidal, and seasonal basis for a given hydrologic condition.
The direction and velocity of flows and their distribution in time and location help

I define the extent to which the Bay-Delta can support important ecological functions
such as sustaining a productive food web, providing spawning, rearing, and feeding

Bay-Delta habitat for estuarine and anadromous fish, and supporting migration of adult and

Delta, and conversion of tidal wetlands have had a large influence on the natural
hydraulic regime of the Bay-Delta. There are opportunities to restore or simulate,

I where and when appropriate, a more natural hydraulic regime that sustains
ecological functions and meets the life requirements of the fish and wildlife in or
dependent on the Bay-Delta.

I The abundance of many species in the estuary may be limited by low productivity
at the base of the food web in the estuarine ecosystem. The causes of this are

i complex and not well understood, but may include a shortage of productive
shallow-water regions such as marshes, high turbidity in open-water regions of the

Bay-Delta Aquatic estuary, and consumption and sequestering of available organic carbon by the
Foodweb Asiatic clam. Solving the problem directly is difficult but presumably other actionsI as part ERP, as increasing the acreage or seasonallytaken of the such of tidal

flooded marshlands, will contribute to the solution. A major obstacle to solving
problems of estuarine productivity is our poor understanding so solutions will have

I to from research and monitoring of effects of various restorationcome ecosystem
projects.

!

!

I
I
I

~ ~
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Table 8. Ecological Management Zones for Which Targets, and Programmatic Actions Are m

Proposed for Ecological Processes.

[Note: Refer to Volume lI: Ecological Management Zone Visions for l
information regarding targets and programmatic actions..]

Ecological Ecological Management ZoneI
Process Vision

1 2 3 4 5 6 7 8 9 10 11 12 13 14
1

Central Valley
Streamflows ¯

¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯           m
Temperatures

Coarse
ISediment ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

Supply

Stream Meander ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ m
Natural

iFloodplains and ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯
Flood Processes

Bay-Delta
Hydraulics

Bay-Delta

IAquatic ¯ ¯
Foodweb

m

~ 1 = Sacramento-San Joaquin Delta 8 = Feather River/Sutter Basin n
2 = Suisun Marsh/North San Francisco Bay 9 = American River Basin
3 = Sacramento River 10 = Yolo Basin

.- 4 = North Sacramento Valley 11 = Eastside Delta Tributaries
5 = Cottonwood Creek 12 = San Joaquin River
6 = Colusa Basin 13 = East San Joaquin Basin
7 = Butte Basin 14 = West San Joaquin Basin 1

~ ~,.D~LTA
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¯ CENTRAL VALLEY STREAMFLOWS

| NTRODUCTION The Sacramento River Region contains the entire
drainage of the Sacramento Valley and its adjacent

Streamflow refers to the amount of fresh waterwatersheds and extends from Collinsville in the

flowing in dyers and Bay-Delta channels. CentralSacramento-San Joaquin Delta almost 300

Valley streamflows are a combination of naturalupstream to the Oregon border.

discharges from surface water and groundwater
and managed releases from reservoirs.Characteristics of the Sacramento River Region
Stream flow varies seasonally and annually with
rainfall, run-off, and water-supply management. Average annual precipitation: 36 inches
The volume and distribution of water in the Bay- Average annual runoff: 22,389,700 AF

Delta and its watersheds support important
Land area: 26,960 square miles

Population: 2,208,900
ecological processes and functions. Human
activities have had a significant influence on the (so~: ow~ 1994)
natural streamflow pattern of the Bay-Delta and its
watershed.

The San Joaquin River Region is located in the
~ heart of California and is bordered by the Sierra

Unimpaired Monthly Average Flow Nevada on the east and the coastal range on the

Characteristics of the San Joaquin River Region
5000 ~

4000 -"~/~-- Average annual precipitation: 13 inches

~

~

Average annual runoff: 7,933,300 AF
3ooo Land area: 15,950 square miles

Population: 1,430,200
2000 ~

(Sours: DWR 1994)

J F M A M a J A S O N O The San Francisco Bay Region extends from
Unimpaired Median Monthly Average Flow in the Pescadero Creek in southern San Mateo County to

American River below Nimbus Dam, 1962-1992 the mouth of Tomales Bay in the north and inland
to the confluence of the Sacramento and San
Joaquin rivers near Collinsville.

RESOURCE DESCRIPTION

California is divided into hydrologic regions Characteristics of the San Francisco BayRegion

which reflect runoff and drainage basins. Three Average annual precipitation: 31 inches
major hydrologic regions are contained within the Average annual runoff: 1,245,500 AF
ERPP Study Area: Sacramento River, San Joaquin Land area: 4,400 square miles
River, and San Francisco Bay Population: 5,484,000

(Source: DWR 1994)
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The total streamflow that would occur without I::COLOGICAL FUNCTIONS OF
upstream reservoirs and diversions is called the STREAIVIFLOW
unimpaired flow. Data on unimpaired flows
provide a record of natural streamflow patternsStreamflow can be thought of as the life-blood of
and a benchmark for judging the effects of waterthe tributary watersheds that link together to form

and allocation of the available the Sacramento and San Joaquin rivers.management
runoff. Unimpaired streamflows are alsoGroundwater and surface runoff generate flows
influenced by the condition of the upperinto the stream networks in each tributary basin.
watersheds and their ability to moderate orStreamflow provides the geomorphic forces
intensifyrunoffpatterns. (energy and materials) needed to create and

maintain stream channels and riparian corridors
Streamflows in Central Valley watersheds are(floodplains). Streamflow controls the erosion,
extremely variable. Total annual unimpairedtransport, and deposition of sediment in the stream
streamflow into and through the Central Valleychannel and floodplain. Streamflow also
varies from a low of about 5 million acre-feettransports and cleanses river gravels that support
(MAF) to a high of about 38 MAF. Most of the invertebrate production and fish spawning.
flow occurs December through June. A large part
of the total flow volume occurs during relativelyNatural flow patterns maintain natural sediment
short periods of time, caused either by rainfall orerosion, deposition, transport, and cleansing
snowmelt, patterns, and thus natural stream channel and

floodplain configurations. Reduced streamflow
Construction and operation of dams on majorcan lead to excessive sediment deposition in
rivers and streams has reduced peak winter andgravelbeds and armoring the channel with cobble.
spring flows and increased summer and fall
flows. Dry year flows are higher in some streamsStreamflow transports nutrients as well as
from release of carryover storage from reservoirs,dissolved and particulate organic material from
In other streams, flow may be lower because ofrivers upstream to the Delta and estuary. These
water diversions, materials are important to planktonic and benthic

foodweb organisms. Streamflows maintain soil
Winter and spring peak flows and summer and fallmoisture and transport seeds which contribute to
base flows are important to maintain ecologicalthe regeneration of riparian and riverine aquatic
processes such as sediment transport, streamhabitats.
meandering, and riparian habitat regeneration.
Native fish and wildlife species evolved with theseStreamflow is needed to flood stream channel
flow patterns. Spawning and migrating fishpools and riffles and riparian wetlands that
depend on the natural streamflow patterns. Forprovide habitat for fish and other wildlife. Flows
example, Sacramento splittail spawn in winter intransport fish eggs and larvae (e.g., striped bass,
flooded areas provided by high flows, delta smelt) from spawning to nursery areas and

may assist in the movement of juveniles from
The ability to restore natural streamflows isupstream spawning and rearing areas to the Delta
limited. Constraints include water management(e.g., young splittail and chinook salmon).
practices, upper watershed conditions, and
previous water supply allocation (water rights andStreamflow through the Delta to San Francisco
contracts). Emulating natural runoff patterns willBay is referred to as Delta outflow. Delta outflow
provide the greatest potential for improving theis simply the net flow at Chipps Island.
ecological functions that are dependent onConceptually, it is estimated as the sum of Delta
streamflow, inflow and precipitation in the Delta minus water

~ ozm)
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.I
use in the Delta and exports from the Delta. Deltā Filling and flooding of channel and floodplain
outflow has a major influence on the tidal mixing areas at high streamflows provide aquatic,
processes and the amount of saltwater that reaches wetland, and riparian habitat and sustain
upstream into the Delta. Delta outflow controls botanical processes (i.e., seed dispersal, soil
the location of the "entrapment zone" (the area moisture replenishment)within the floodplain,I where freshwater mixes with saline and flood and corridor.water) bypass, riparianstream
transports planktonic organisms, particulate
organic materials, and nutrients from the rivers to HYDROLOGIC ~’/Id~IATIONSI the Delta and San Francisco Bay.

Water supplies in the Central Valley are
Following are general ecological processes andcategorized by "water-year classes" (wet, above

I functions sustained with natural streamflownormal, below normal, dry, and critical). This
patterns: natural year-to-year hydrologic variability is used

to establish water management plans. Facility

I ¯ Channel-forming processes create and sustainoperations are generally estimated using monthly
the pools, riffles, meanders, sand and gravelrainfall and natural, unimpaired runoff conditions.
deposits, banks, side channels, and floodplainRunoff is estimated from measured flows for 1922

~: I areas. These elements are the physicalto the present.
framework for the stream, wetland, riparian
corridor, and floodplain habitats.                 Seasonal variability results from rainfall events

and snowmelt runoff. Rainfall events occur mainly
¯ Streamflow transports nutrients and organicduring the "wet" season (between November and

materials to downstream aquatic habitatsJune). Substantial runoff from Sierra Nevada

i where they provide the necessary componentssnowmelt extends into the summer and fall. This
for primary (plant) and secondary (bacterial runoff pattern allows substantial diversion of
and invertebrate) foodweb production, water from Sacramento and San Joaquin River

I Transport processes also move larval andtributaries from May through September.
juvenile fish and other aquatic organisms to
downstream rearing habitats. Central Valley reservoirs have been constructed

I during the last century to manage seasonal
variability. Reservoirs capture winter floods and

Shasta inflow and 0 utflow               spring snowmelt (while reserving sufficient flood

i control storage space and maintaining minimum~oo
instream flows). This storage provides an

~ a0 increased water supply during summer and fall for
o diversions and instream flows.

_o 40 i ~ MULTIPURPOSE WATER
"

~~

MANAGEMENT

" Seasonal and annual runoff fluctuation
0
J F M A M J d A S O N D            complicates controlandallocationoftheavailableI 1993 Water is allocated for variouswater supply.

beneficial uses including flood control, watergeswlck Release    Shasta Inflow[               supply, power generation, and instream and other

I .... environmental flows. Priorities for streamflow
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management are established according to theholders and water districts or government
available water supply, agencies, such as the U.S. Bureau of Reclamation

(Reclamation) or California Department of Water
Almost all major Central Valley streams areResources (DWR) further complicate the
regulated by large multipurpose reservoirs (as wellallocation of California water supplies.

smaller diversion dams) and confined by flood
control levees. Many rules govern the operationInstream flow levels are sometimes required as
of these dams and affect the overall operation ofconditions for water quality standards, water-
water-managementsystems.As the effects from rights permits, and FERC licenses. Negotiated
these facilities on the natural runoff, sedimentagreements between water and fisheries agencies
transport, and fish migration patterns aregovern minimum flows downstream of major
observed, an increased understandingoftheneedswater projects. Some streams, such as Butte
for instream flows is emerging. Creek, are formally managed by the State

watermaster agreements.
Recognition of the importance of streamflows to
protect and promote habitat conditions for fish andThe SWRCB has included instream spring flow
wildlife populations has created conflicts betweenrequirements for both Delta outflow (i.e., X2
existing beneficial uses of water supply, industry,location objectives) and the San Joaquin River at
and flood control. Vernalis in the 1995 Water Quality Control Plan.

Instream flow requirements govern the minimum
Several agencies may be involved in the operationflows at specific points below diversions and are
of each major reservoir or diversion facility. Theoften dependent on the available water supply
many rules goveming facility operations have an(e.g., water-year type). Average annual instream
incremental and interdependent effect on overalland spring flow requirements are generally a small
operation of water management systems, fraction of natural unimpaired flow and winter

releases from storage reservoirs may be much less
WATER RIGHTS AND INSTREAM FLOW than unimpaired flows.

California water rights govern streamflowMany streams have no instream flow
allocation for beneficial uses. Both riparian andrequirements. On some streams, riparian and
appropriative water rights exist in California.appropriative water rights diversions may be
These rights are administered and monitored byrestricted only by an amount necessary to supply
the State Water Resources Control Board downstream users havingahigherprioritywater
(SWRCB). Riparian rights support specific right. Some Central Valley streamflows are totally
beneficial uses on lands immediately adjacent todepleted downstream of the major diversions
the stream. Appropriative water rights allow direct during the irrigation season.
diversion or storage and may be obtained for
beneficial use. ISSUES AND
Water rights are incremental, with a specific OPPORTUNITIES
priority scheme that controls water allocation
during periods of shortage. Federal courts haveNATURAL FLOW REGIMES. Restoration of
assigned the jurisdiction over several Californianatural flow regimes in regulated rivers has
streams that are used for single-purposebecome the new paradigm in stream restoration.
hydropower projects to the Federal Energy It is based on the assumption that desired species
Regulatory Commission (FERC). Additionalof fish (usually salmonids), high aquatic
"exchange contracts" between water-rightsbiodiversity, and preferred riparian conditions

Volume k Ecosystem Restoration Program P/an
Vision for Central Va//ey ~treamflows

June 1999

C--01 8935
(3-018935



depend on variable flow regimes that maintain VISION
active channels and floodplains and keep
non-native species at bay. A completely naturalThe vision for Central Valley streamflows is to
flow regime for a river reach below a dam is notprotect and enhance the ecological functions that
possible, however, (because of human waterare achieved through the physical and biological
demand) and may not even be particularlyprocesses that operate within the stream channel
desirable because the pre-dam sediment supplyand associated riparian and floodplain areas in
has been cut off. If upstream coldwater habitat isorder to contribute to the recovery of species and
inaccessible, higher summer flows may be needed,overall health of the Bay-Delta.
Nevertheless, native species are usually favored
by flow regimes that at least resemble theTo achieve maximum potential ecological
historical flow regime in the pattern of natural,functions and benefits from streamflows willseasonal variability, if not in magnitude. Therequire restoring and protecting the stream
desired conditions below every major dam arechannel and floodplain process and in developing
likely to be different, suggesting a need forand implementing watershed management
experimental manipulations of flows, includingstrategies and programs to protect the health of
moderate annual floodflows, and habitat to find
the right combination of factors that will

upper watersheds.

maximize ecosystem benefits or assist endangeredOpportunities to protect, enhance, and restore
species in ways that are compatible with othernatural streamflow patterns and processes depend
uses of water and river corridors (Strategic Planon stream channel and floodplain conditions, as
1999). well as existing impoundments and diversions.

OPPORTUNITIES: Mimic natural flow regimes Opportunities for adjusting seasonal streamflow
through innovative methodsto manage reservoirpatterns to benefit fish and wildlife while
releases. There is underutilized potential tomaintaining other beneficial water uses will be
modify reservoir operations rules to create moreexplored. Opportunities may include acquiring
dynamic, natural high-flow regimes in regulatedwater rights from willing sellers or developing
rivers without seriously impinging on the watersupplemental supplies (e.g., recycled water
storage purposes for which the reservoir was
constructed. Water release operating rules could

programs). Individual water rights are established
according to California law, and this vision does

be changed to ensure greater variability of flow,not propose any adjudication or involuntary
provide adequate spring flows for riparianreallocationofwaterrights.
vegetation establishment, simulate effects of
natural floods in scouring riverbeds and creatingMany environmental factors and functions
point bars, and increase the frequency andcontrolled by streamflow dynamics are only
duration of overflow onto adjacent floodplains. In partially understood at this time. Therefore, the
some cases, downstream infrastructure of rivervision for Central Valley streamflow includes a
floodways may require upgrading to safelysubstantial commitment to continued monitoring
accommodate a more desirable natural variabilityand evaluation of physical, chemical, and
and peak discharge magnitude associated withbiological processes and ecological functions that
moderate floodflows (e.g., strengthen or set levees
back) (Strategic Plan 1999).

are sustained and governed by streamflow.

Although the historical pattern of natural
stream flows can be used as a guideline for
establishing streamflow targets, the actual

Volume I: Restoration PlanEcosystem Program
Vision for Central Valley SlTeamflows

June 1999

C--01 8936~
(3-018936



management of flows for each tributary or river̄ SWRCB administration of water rights for
segment will require coordination with all storage and diversions, including decisions
agenciesand stakeholders. Conflicting interests about required instream flows for fish, water
and priorities will most likely be the rule rather quality, and public trust resource protection;
than the exception. Streamflow targets will be
developed within the existing multipurpose water̄ California Department of Fish and Game
resource management framework foreach responsibility to study and recommend
watershed, streamflows and temperature requirements for

fish protection and propagation in streams and

]NTEGRATION WITH at hatcheries;

OTHER RESTORATION ¯ U.S. Fish and Wildlife Service and National

PROGRAMS Marine Fisheries Service programs to
recommend flows and other measures needed

The vision for streamflow is intended to for mitigating impacts from federal projects

complement existing streamflow management and protecting endangered species, including

programs. Several agencies are directly or the Anadromous Fish Restoration Program

for streamflow and the Water Management Program; andindirectly responsible
management.

¯ U.S. Geological Survey water resources

Agencies with important streamflow management division programs to measure streamflow and

responsibilities andprograms include: water quality, providing the information
necessary for adaptive management of

¯ U.S. Army Corps of Engineers’ flood control streamflows. Their monitoring and modeling

operations of reservoirs and management of activities for Central Valley groundwater and

flood control facilities ( e.g., levees, overflow Bay-Delta hydrodynamics are also important

channels and bypass weirs); contributions to water resources management.

¯ DWR programs to provide water supplies Streamflows in Central Valley streams are being

(State Water Project), flood protection addressed under the Central Valley Improvement

facilities, water quality monitoring, andAct (CVPIA) subsection 3406(b)(2) and (b)(3)

multipurpose management of Californiaprograms being administered by the USFWS.

water resources; Under 3406(b)(2) 800 TAF of CVP water is to be
allocated for fish and wildlife purposes. Under

¯ Reclamation’s operation of the Central Valley3406(b)(3) additional water is to be acquired from

Project (and several other independent waterwilling sellers. The combined sources of water

projects in the Central Valley) to provide for are to be managed under a Water Management

multiple beneficial water uses, including fishPlan being developed for selected individual rivers

and wildlife protection and habitat restoration under FERC licensing requirements, negotiated

(e.g., Central Valley Project Improvement settlements between stakeholders and agencies,

Act); State Water Resources Control Board water rights
and water quality plans, and court ordered

¯ FERC regulation of minimum flows below settlements such as that for the American River

hydropower projects; (Water Forum).

¯
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LINKAGE WITH OTHER         ¯ delta smelt,

I ECOSYSTEM ELEMENTS ¯ resident fish,

Streamflow being a primary ecosystem process is̄ riparian species,

I integrally linked with other processes, habitats,
and species. In addition, the effects of manȳ shorebirds, and
ecological stressors are influenced by streamflow.

I ¯ waterfowl.
In all cases, the ecological value of streamflows
will be incorporated into a comprehensiveEach of these processes, habitats, and species is

I adaptive management program. (The Strategicadversely affected by stressors which restrict their
Plan for the Ecosystem Restoration Program,full function, extent, distribution, or survival.
1999, contains additional information regardingTherefore, the full ecological benefit to be derived

I CALFED’s approach to adaptive management.)from streamflows also depends on reduction or
This program for Central Valley streamflows willelimination of stressors which impair other closely
necessarily focus on the relationship of flow to therelated ecosystem elements. Streamflow is an

I health of closely related ecological processes,important ingredient for ecological health, but
habitats, and species, cannot provide full benefit without improvement

in other areas.

I Processes influenced by streamflow include:

¯ Central Valley water temperatures, STRATEGIC OBJ ECTIVE,
TARGETS, AN DI ¯ sediment supply, PROGRAMMATIC

¯ stream meander corridors, ACTIONS! _
¯ Bay-Delta aquatic foodweb,

~~ ~ important Strategic

I Objective for streamflow is to
¯ floodplain and flood processes, make sure that high flows

occur frequently enough in
¯ groundwater/surface water interactions, and regulated streams to

i maintain channel and
¯ dilution of contaminants, sediment conditions

favorable to native aquaticI Habitats that depend on streamflow include: and riparian organisms.

¯ riparian,
LONG-TERM OBJECTIVE: For regulated rivers

I ¯ aquatic, and in the region, establish scientifically based
high-flow events necessary to maintain dynamic

I ¯ wetlands, channel processes, channel complexity, bed
sediment quality, and natural riparian habitats

Species directly linked to streamflow include: where feasible.

I ¯ anadromous fish,

I Volume I: Restoration Program PlanEcosystem~L~/~ Vision for Central Valley StTeandlows
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SHORT-TERM    OBJECTIVE-"    Through STAGE 1 EXPECTATIONS: Studies should be
management of the reservoir pool or deliberateconducted on five to l0 regulated rivers in the
reservoir releases, provideaseriesofexperimentalCentral Valley to determine the effects of
high-flow events in regulated rivers to observehigh-flow releases. Natural floodplains should be
flow effects on bed mobility, bed sedimentidentified that can be inundated with minimal
quality, channel migration, invertebratedisruption of human activity. Where positive
assemblages, fish abundance, and riparian habitatsbenefits are shown, flow recommendations should
over a period of years. Use the findings of thesebe developed and instituted where feasible.
studies to reestablish natural stream processes
where feasible, including restoration of periodic A second Strategic Objective
inundation of remaining undeveloped floodplains.~, for streamflow is to create flow

and temperature regimes in
RATIONALE: Native aquatic and riparian regulated rivers that favor
organisms in the Central Valley evolved under a; native aquatic species.
flow regime with pronounced seasonal and
year-to-year variability. Frequent (annual or
longer term) high flows mobilized gravel beds,LONG-TERM OBJECTIVE." Native fish and
drove channel migration, inundated floodplains,invertebrate assemblages will be restored to
maintained sediment quality for native fishes andregulated streams where feasible, using methods
invertebrates, and maintained complex channeldeveloped during the short-term objective phase.
and floodplain habitats. By deliberately releasing
such flows from reservoirs, at least some of theseSHORT-TERM OBJECTIVE: Provide adequate
physical and ecological functions can probably beflows, temperatures, and other conditions to
recreated. A program of such high-flowreleases,double the number of miles (as of 1998) of
in conjunction with natural high-flow events,regulated streams that are dominated (>75% by
lends itself well to adaptive management becausenumbers and biomass) by assemblages with four
the flows can easily be adjusted to the levelor more native fish species.
needed to achieve specific objectives. However,
it should be recognized that channel adjustmentsRA’nONALE: Virtually all streams in the region
may lag behind hydrologic changes by years orare regulated to some degree, and the regulated
decades, requiring long-term monitoring. Also, onflow regimes frequently favor non-native fishes.
most rivers, reservoirs are not large enough toThe native fish assemblages (including those with

eliminate extremely large, infrequent events soanadromous fishes) are increasingly uncommon.
these will continue to affect channel form atRecent studies in Putah Creek, the Stanislaus
irregular, often long, intervals; artificial high-flowRiver, and the Tuolumne River demonstrate that
events may be needed to maintain desirablenative fish assemblages can be restored to sections
channelconfigurationscreatedduringthenatural of streams if flow (and temperature) regimes are
events. This objective focuses on flows that aremanipulated in ways that favor their spawning and
likely to be higher than those needed to maintainsurvival, usually by having flow regimes that

fish species but that are important for mimic natural patterns in winter and spring butmostnative
maintaining in-channel and riparian habitats forthat increase flows during summer and fall months

fish as well as other species (e.g., invertebrates,(to make up for loss of upstream summer
flow releases also habitats). Native invertebrates and riparian plantsbirds,mammals).Experimental

will have to be carefully monitored for negativemay also respond positively to these flow regimes.
effects, such as encouraging the invasion ofAchievement of this objective will require

unwanted non-native species, additional systematic manipulations of flows
below dams (or the re-regulation of existing flow
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I regimes) to determine the optimal flow and habitat accompanied by reductions in high summer
conditions for native organisms, as part of the storage releases.

I short-term goal. Part of the studies should be to
determine if the objective can be achieved without̄ Maintain sufficient year round base flows to
"new" water, by just altering the timing of releases sustain aquaticstreamflow dependent

I or by developing conjunctive use agreements that ecological habitat, and species.processes,
allow more water to flow down the stream
channel. Ways to restore native fish communities̄ Provide sufficient flow during the first yearly

I that do not involve changed flows should be significant rain event to sustain habitat and
developed (where feasible) to be used in place of species dependent on such flow. This can be
or synergistically with changed flows. These accomplished by allowing a portion of the

I findings can then be applied opportunistically to natural inflow to pass through large Central
achieve the long-term goal of restoring native fish Valley reservoirs in all but the driest years.
communities.

I STAGE 1 EXPECTATIONS: Surveys will have
REFERENCES

been completed to determine the status of nativeDWR 1994. California Department of Water
fishes in all regulated streams of the Central Resources. California Water PlanUpdate:Valley and flow recommendations made to restore

Volume 2. Bulletin 160-93, October 1994.
native fishes where feasible. During negotiations

I for relicensing of dams, agency personnel shouldStrategic Plan for Ecosystem Restoration. 1999.
evaluate and consider flow regimes favorable for Appendix to the CALFED Bay-Delta Program
native fishes. Environmental Impact Statement

I The general target for streams with large water
/EnvironmentalImpactReport.June1999.

storage reservoirs is to provide a spring flow event

i that emulates natural spring pulse flows in dry and
normal years. For all streams provide sufficient
year-round base flows to sustain important

i ecological processes, habitats, and species.

Actions that will contribute to restoring the

i ecological values of stream flow include
maintaining spring flows and sustaining summer-
fall base flows are the two major streamflow
restoration activities considered in this vision.I The three actions willfollowing programmatic
help to achieve streamflow objectives:

I ¯ Provide sufficient flows duringhigh spring
(March-May) to sustain high-flow dependent
ecological functions. This can be

I accomplished by allowing a portion of the
natural inflow to pass through large Central
Valley reservoirs in spring of all but the driest

I In extreme cases, this maybeyears.

I ~" C~z)
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| ¯ CENTRAL VALLEY STREAM
| TEMPERATURES

I I NTRODUCTION High spring water temperatures in the rivers and
Delta may stress young chinook salmon migrating

Water temperatures in Central Valley rivers anddownstream to the ocean. High summer water

I streams and in the determined temperatures in the Sacramento River nearBay-Deltaare by
the natural heating and cooling process of waterRedding may stress the eggs and fry of winter-run

chinook salmon. Unusually high waterbodies. Water temperature is controlled by water

I source (i.e., dam releases, runoff, and discharges),temperatures in periods of drought were primary

surface water and groundwater inflow, geo- factors in historical declines of salmon and other

morphology (e.g., depth), tides, riparian shading,fish species.

I water clarity, and, most often, air temperature.
Althoughstreamtemperaturesfluctuatedaily,Water temperature is a major factor in habitat

suitability for aquatic organisms. Unnaturallyseasonally and in response to meteorological

I conditions (e.g., air temperature and the amount ofhigh water temperature can become a stressor to
sunshine), many important.ecological functionsmany aquatic organisms. are dependent on a relatively narrow temperature

I Major factors that limit water temperature contri- range. For example, salmon and steelhead require

butions to the health of the Bay-Delta are disrup-54°F to 57°F to spawn and egg development

tion of historical streamflow patterns, loss ofrequires water temperatures below 57°F. Growth
of young salmon and steelhead is generallyI riparian vegetation, stored water releases from

reservoirs, and discharges from agriculturaloptimal in the 50-60°F range.

drains.
Stream temperatures regulate important ecosystem

I
RESOURCE DESCRIPTION

functionsincluding:

¯ Algae blooms,
’ I          Natural biochemical processes, as well as aquatic

organism physiology and behavior (e.g.,̄ Aquatic invertebrate reproduction and growth,
respiration, feeding, growth), are partially con-

’ I trolled by water temperatures. Many nativē Fish migration,
aquatic organisms, such as chinook salmon,
depend on cool water for spawning, rearing, and̄ Fish spawning,

I migrating. For example, adult salmon migrating
upstream through the Delta and into the rivers arē Fish development and growth,
stressed when water temperatures reach into the

I 58 to 65° Fahrenheit (F) range, which may delaȳ General well-being of aquatic organisms,
migration and spawning, which in turn may affect
egg quality and potential production of juvenilē Metabolism and behavioral cues of aquatic

I
salmon, organisms,

High fall water temperatures in the Delta maȳ The amount of dissolved oxygen (DO)avail-

I delay upstream migration of fall-run chinook able in the water body, and
salmon from the Bay into and through the Delta.

! ~ ~’r^
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¯ Rates of organic material decay and nutrienteratures lower than 65 °F. Lower temperatures are
recycling in aquatic habitats, easily achieved in high mountain streams but are

more difficult to maintain in streams at lower
The ability to control water temperature in riverselevations and along the valley floor. Releases
and the Delta is limited because water temperaturefrom major reservoirs and groundwater (e.g.,
is most strongly influenced by air temperature,springs) are two important seasonal sources of
Some temperature regulation is available throughcool water.
control over streamflows, discharges of warm
water into rivers and the Delta, and the extent ofMaintaining cool water below reservoirs is
inundation and shading of floodplains. Temp-especially important because salmon and steelhead
erature can be controlled to some extent beloware blocked from reaching their historic spawning
major Central Valley reservoirs by the selectiveand rearing grounds in headwaters in these rivers.
release of warm or cold water from different
depths behind the dams. The water from many Central Valley streams is

impounded by large multipurpose reservoirs (as
Construction and operation of Shasta Damwell as by smaller diversion dams) that limit the
dramatically altered the flow regime and thermalupstream migration of anadromous fish into
characteristics of the Sacramento River (Hallockhigher elevation tributaries historically used for
1987). Hallock observed that water released inspawning and rearing. The operations of these
the spring was often too cold for rapid growth ofreservoirs can be used to maintain adequate
juvenile fall- and late-fall-run chinook salmon,stream temperatures in the segments immediately
and that water released in August and Septemberdownstream of the reservoirs, but these temper-
was often too warm for successful spawning andature control operations must be integrated with
incubation of spring- and winter-run chinookother water management objectives.
salmon eggs and alevins.

Stream temperature is a major habitat condition
The Shasta Dam Temperature Control Devicethat exerts a strong influence on many bio-
allows operators to release water from differentchemical processes. Temperature controls the
depths or combinations of depths to regulate themaximum concentration of dissolved oxygen
temperature in upper portions of the lower(DO) in water. Fish and other aquatic organisms
Sacramento River. Intake shutters on Folsomrequire adequate amounts of DO in water to
Dam allow water to be released from threesurvive. The maximum DO concentration is
different layers into the lower American River.higher at 50°F than at 70°F. Higher temperatures
Most large reservoirs have only one deep wateralso increase the decay of oxygen-consuming
intake in the cold water zone of the reservoir. Theorganic materials further reducing total DO
amount of cold water that can be released fromconcentration.
Central Valley reservoirs is limited, especially in
drought years. Many fish behavioral and physiologicaI functions,

such as spawning, are controlled in part by
Temperatures in Central Valley streams follow atemperature. Fall-run salmon begin to spawn
seasonal pattern. Water temperatures are con-when stream temperatures fall to 60°F. Salmon-
trolled primarily by meteorological conditionsegg survival is a strong function of temperature,
(indicated by air temperature fluctuations),declining to near zero at temperatures greater than
Although Central Valley air temperatures range62 °F. Successful holding of adult winter-run and
from 30°F to over 100°F, stream temperatures spring-run salmon until spawning requires
generally range from about 40°F to 80°F. temperatures below about 60°F. Temperatures
Coolwater fish generally require stream temp-
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I
below 65°F are considered necessary for50-60°Frange, which is much lower than the full
successful steelhead rearing, range of Central Valley water temperatures.

I
The Sacramento River Winter-run Chinook VISION
Salmon Recovery Team reported that water

I temperatures in the upper Sacramento River resultThe vision for Central Valley stream temperatures
from the complex interactions of: (1) ambier~t airis to restore natural seasonal patterns of water
temperature, (2) volume of water, (3) water temperature in streams, rivers, and the Delta toI temperature at release from Shasta and Trinitybenefit aquatic species by protecting and
dams, (4) total reservoir storage, (5) location ofimproving ecological processes that regulate water
reservoir thermocline, (6) ratio of Spring Creek temperature and reducing stressors that changeI Powerplant releases to Shasta Dam release, and
(7) tributary inflows (NMFS 1997).

water temperature. Appropriate water
temperatures will provide suitable fish spawning,

I holding, and rearing habitat conditions and
Wang (1986) reported that delta smelt spawn incontribute to the recovery of species and overallfresh water at temperatures of 44 to 59°F. In health of the Bay-Delta.
recent years, ripe delta smelt and recently hatched
larvae have been collected at temperatures of 59 toNatural temperature conditions in Central Valley
72°F, so it is likely that spawning can take placestreams vary along a continuum on a "longitudinal
over the entire 44 to 72°F range (U.S. Fish and gradient" from the mountain headwaters to

I Wildlife Service 1996). meandering lowland rivers, and on to the Delta.
Therefore, restoration needs for stream temp-

Splittailtrawl catches in SuisunMarsh are highest      eratures vary for different streams and stream

I in summer when salinities are 6 to 10 parts per
thousand and water temperatures are 59 to 73 °F

segments. These needs will vary by stream and
¯ stream segment, depending on existing conditions.

(U.S. Fish and Wildlife Service 1996). The needs and opportunities to protect and

I manage Central Valley stream temperatures willCool temperatures also affect the growth rate ofdepend on the conditions of the stream channel
fish. For example, at 50°F, about 100 days areand riparian corridor, as well as the existing water

i needed for rearing juvenile fall-run salmon to
reach a size suitable for outmigration (3 inches),

supply (i.e., reservoir storage) of each tributary
stream.

Rearing at 45°F would require about 140 days;

i rearing at 55 °F would shorten the growth period A primary restoration need will be to maintain
to about 80 days. Fish spawning in differentrelatively low water temperatures in summer and
streams with differing temperature regimes will,fall for anadromous fish populations in the
therefore, have different timing and duration forupstream portion of each major tributary to the
spawning, growth, and migration. Delta, especially those tributaries with larger

foothill reservoirs and impassable dams. These

I
Hatchery temperature objectives are often targetedlow water temperatures are particularly important
to provide maximum growth without increasingfor the survival of juvenile steelhead. In relatively
mortality from excessive rates of respiration and       wet years, with full reservoirs and high reservoir

i
diseases that are more prevalent at higherreleases for downstream diversions, watertemperatures. Coldwater virus disease (IHN)istemperatures below the major Central Valley
often asubstantialproblem at temperaturesbelowreservoirs are maintained within the 50-60°F
50°F. Salmonid temperature objectives intarget range. However, as available water supplyI hatcheries are therefore generally within thedeclines (i.e., in drier years), the ability to
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maintain sufficient carryover storage to sustain themanagement and the resulting winter-run chinook
release of cool water and to release sufficientspawning and rearing success each year. These
flows to control downstream temperatures forwater management decisions are more difficult in
salmon and steelhead rearing is substantiallyyears with limited watersupply.
reduced. Sustaining adequate temperatures below
reservoirs and power diversion dams is needed toWhiskeytown Reservoir releases of water into
provide coolwater anadromous fish habitat withinClear Creek, a tributary to the Sacramento River,
the existing Central Valley multipurpose waterare sufficiently cool to support salmon and
resources managementframework. Flexibility insteelhead. However, since 1965, insufficient
managing stream temperatures will be anstreamflows and fish-passage problems have
important ingredient in the successful restorationprevented this potential habitat from supporting
of Central Valley natural resources, many fish. Low-level outlets can be used for

releases to Clear Creek. Efforts to manage
Particular attention has been given to watertemperatures in Clear Creek could be
temperatures below Keswick Dam because thisimplemented as on the Sacramento River.
area is the only remaining spawning habitat on the
Sacramento River for winter-run chinook salmon.The temperature of Lake Oroville releases to the
Extremely warm water in 1976 and 1977 was Feather River is controlled (e.g., temperature
likely a major cause of the decline in winter-runcontrol panels) for the Feather River Hatchery and
chinook salmon. Red Bluff Diversion Dam likelythe "low-flow" channel. The objective is to main-
contributed to the sustained low population oftain temperature for natural spawning and holding
winter-run chinook throughout the periodof spring-run salmon and steelhead. Carryover
following the 1976-77 drought, even when waterstorage, sufficient to maintain low fall water
temperature impacts were moderated. Only verytemperatures, is limited during droughts. The
low populations of winter-run salmon have beenCalifornia Department of Water Resources
maintained since this drought event, when Shasta(DWR) is exploring operations of the Oroville-
Reservoir storage declined to less than 1 millionThermalito complex to determine whether
acre-feet. The California Department ofFish andimproved stream temperature controls can be
Game (DFG) and the Anadromous Fishachieved. As at Shasta Dam, additional means for
Restoration Program (AFRP) suggest that Shastacontrolling temperature are needed for these
Reservoir carryover storage should not dropadaptive management efforts to provide optimal
below 1.9 million acre-feet to ensure an adequatewater temperatures within the overall water
supply of cold water for release in summer andmanagement framework. One such means would
fall. The Temperature Control Device, completedbe additional storage water dedicated to
in 1997, provides additional flexibility intemperature control in the Feather River below
temperature control and conserving coolerLake OrovilleandThermalitoReservoir.
reservoir waters through the summer and fall.

Yuba River water temperatures are considered
The State Water Resources Control Boardwell suited for salmon and steelhead below
(SWRCB) has added water temperature require- Englebright Dam (the first impassable dam), but
ments below Keswick Dam (and in the Trinityflows and riparian vegetation have been
River below Lewiston Dam) to the water rights for insufficient to maintain target temperatures below
Shasta and Clair Engle Reservoirs. A multiagencythe Daguerre Dam, the major waterdiversion dam
Sacramento River Temperature Task Force ison the lower Yuba below Englebright Dam. The
responsible for the adaptive management ofYuba County Water Agency is evaluating the
Sacramento River water temperatures. It reportstemperature control potential of New Bullards Bar
to SWRCB on the effects of its temperatureReservoir (a major storage reservoir upstream of
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I
Englebright Lake on the North Fork of the Yuba Another primary restoration need will be to
River) and is working with AFRP and DFG to maintain cool temperatures through the spring and
develop an adaptive management strategy foragain in the fall in the Delta and lower rivers to
Yuba River flows and temperatures. Again, likeprovide for upstream migrating adult and
at Shasta and Oroville, additional storagedownstream migrating and rearing juvenile
dedicated to water temperature control andanadromous fish. Low flows either naturally
possibly the addition of temperature controloccurring or caused by water storage or diversions
devices on major storage reservoirs could improveare the problem in these areas. Although control

I the water temperature conditions on the lowerof water temperature is limited in the lower rivers
Yuba River. and the Delta, restoring natural flows, riparian

vegetation, connecting marsh-sloughs, and

I Many of the upper Sacramento River tributariesreducing warm water discharges should benefit
are largely nonregulated. Water temperatures onwater temperatures in small but significant ways.
these stream and in the Sacramento River at theirShallow water habitats with adequate shade will

I confluence could be improved by managing waternot locally warm to intolerable levels for species
diversions and improving riparian vegetation, dependent on them. Dead-end sloughs will

maintain slightly lower water temperatures with

I The U.So Bureau of Reclamation (Reclamation)adequate shading. Minimizing discharges of
has recently modified the Folsom Dam temp-warm water such as agricultural drains into rivers
erature control panels to provide some additionaland Delta will help sustain cooler temperatures

i temperature management potential; however, thefurther into the spring and earlier into the fall.
relatively low storage capacity of FolsomAlthough water temperature changes would be
Reservoir limits the ability to control temperaturessmall, possibly less than an degree or two, such

i at the Nimbus Hatchery and in the lowerchanges are significant when overall watertemp-
American River. Additional storage dedicated foreratures are stressful or approach lethal levels for
water temperature and potential improvements tosome species.
temperature controls at Nimbus Dam could
improve water temperatures lower Although stream temperatures canin the historical be
American River. used as a guideline for establishing stream temp-

erature targets, the actual management of temp-
I in the San River tributaries eratures for each tributaryriver willTemperatures Joaquin or segment

(Mokelumne, Stanislaus, Tuolumne, andMercedrequire coordination with all agencies and
rivers) are controlled by a combination of cold- stakeholders. Therefore, stream temperature

I water reservoir releases and streamflowtargets should be developed within the existing¯
management. Although initial efforts to monitormultipurpose water resource management frame-
and control water temperatures on these riverswork for each watershed. The relative ecological
have begun, the upstream segment of each mayvalue of streamflow and temperature should be
require additional reservoir and flow managementestimated for each tributary stream. Streamflow
actions. Actions similar to those described aboveand temperature should be accurately monitored

I for Shasta, Oroville, New Bullards Bar, and and rapidly evaluated for both short-term and
Folsom Dams could be implemented. Long-termlong-term management decisions. This basic
agreements to adaptively manage reservoirs onstreamflow information will then allow for

I these San Joaquin River tributaries are needed toflexible management of streamflows. Flexible
provide the best possible flow and temperaturemanagement will allow temperatures to become a
conditions for fish habitat while also protectingmajor element in the restoration of ecological

I the other existing beneficial water uses. functions and benefits throughout the Sacramento
and San Joaquin River basins.
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INTEGRATION WITH (e.g., Butte Creek temperatures below
Centerville Diversion Dam);

OTHER RESTORATION
PROGRAMS ¯ SWRCB’s administration of water rights and

water quality objectives (in coordination with
in Central Valley streams is Regional Water Quality Control Boards)Watertemperature

being addressed under the Central Valley necessary for beneficial uses and for fish

Improvement Act (CVPIA) subsection 3406(b) protection below reservoirs and dams;

being administered by the USFWS.programs
Water temperature is also addressed in various̄ DFG’s responsibilityto study and recommend

biological opinions and recovery plans (e.g., stream temperature requirements for fish

winter-run chinook salmon) for threatened and protection and propagation in streams and at

endangered species. Water temperature is also a hatcheries;
common criteria in water quality standards for
various rivers and the Delta. ¯ USFWS’s and the National Marine Fisheries

Service’s programs to recommend

There are several important ongoing programs that temperatures needed for mitigation of impacts

attempt to improve the multipurpose water from federal projects (e.g., hatcheries) and

management of Central Valley streamflows and protection of endangered species (the

temperature conditions. The vision for stream biological opinion for winter-run chinook

temperature management is to complement and salmon and the AFRP each have specific

coordinate (where conflicts exist) these existing temperature recommendations and

streamflow and temperature management requirements); and

programs. Several agencies are directly or
indirectly responsible for stream temperaturē USGS’s water resources division programs to
management. ERPP supports the policies and measure streamflow and temperature to

decisions of these individual agencies and could provide the information necessary for

provide resources to implement stream- adaptive management of stream temperatures.

temperature management actions and mediate
conflicts between water management goals of LINKAGE WITH OTHER
individual agencies. ECOSYSTEM ELEMENTS
Important stream-temperature management
responsibilities and programs of agencies include:Water temperature is a primary ecological process

closely linked with other processes, habitats, and

¯ DWR’s operation of Lake Oroville to satisfy species. Water temperatures are dependent on
strealnflow and riparianvegetation.StressorsDFG hatchery and stream temperature
including water diversions and agriculturalobjectives;
drainage discharges affect water temperature.

¯ Reclamation’s operation of Central Valley
Project reservoirs to achieve specific
temperature criteria or objectives for salmon
and steelhead habitat conditions;

¯ Federal Energy Regulatory Commission’s
regulation of minimum flows below
hydropower projects throughout California
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i
STRATEGIC OBJECTIVE, conditions for native organisms, as part of the

short-term goal. Part of the studies should be to

I TARGETS. AND determine if the objective can be achieved without

PROGRAM MATIC "new" water, by just altering the timing of releases
or by developing conjunctive use agreements that

I
ACTIONS allow more water to flow down the stream

channel. Ways to restore native fish communities
The Strategic Objective for that do not involve changed flows should be

I ~k Central    Valley    stream developed (where feasible) to be used in place of
temperature is to create flow or synergistically with changed flows. These
and temperature regimes in findings can then be applied opportunistically to

i ~ regulated rivers that favor achieve the long-term goal of restoring native fish
native aquatic species, communities.

I STAGE 1 EXPECTATIONS: Surveys will have
LONG-TERM OBJECTIVE: Native fish and been completed to determine the status of nativeinvertebrate assemblages will be restored to      fishes in all regulated streams of the Central

I
regulated streams where feasible, using methodsValley and flow recommendations made to restore
developed during the short-term objective phase,native fishes where feasible. During negotiations

for relicensing of dams, agency personnel should
SHORT-TERM OBJECTIVE: Provide adequate      evaluate and consider flow regimes favorable forI flows, temperatures, and other conditions to

nativefishes.
double the number of miles (as of 1998) of
regulated streams that are dominated (>75% byGeneral targets to achieve healthy Central Valleyi numbers and biomass) by assemblages with four
or more native fish species, stream temperatures include:

I RA~ONALE: Virtually all streams in the region
¯ Maintaining water temperature at or below

56 °F in salmon and steelhead spawning areasare regulated to some degree, and the regulated
during spawning and incubation seasonsflow regimes frequently favor non-native fishes, below major dams on rivers. The ability ofI The native fish assemblages (including those with

this broad will be influencedmeeting target
anadromous fishes)are increasingly uncommon, by in some drainages by the quantity and
Recent studies in Putah Creek, the Stanislaus quality of coldwater stored behind the larger

I River, and the Tuolumne River demonstrate that dams.native fish assemblages can be restored to sections
of streams if flow (and temperature) regimes are       ¯ Maintaining water temperature below 58 °F

I manipulated in ways that favor their spawning and for rearing and out-migrating salmon and
survival, usually by having flow regimes that. steelhead from late winter through late spring.mimic natural patterns in winter and spring but

I that increase flows during summer and fall months̄
Maintaining water temperature below 60 °F in(to make up for loss of upstream summer oversummeringareas of salmon and steelhead

habitats). Native invertebrates and riparian plants to the extent possible. When temperature

i may also respond positively to these flow regimes, control at this level is not possible,
Achievement of this objective will require temperatures should be maintained belowadditional systematic manipulations of flows
below dams (or the re-regulation of existing flow

65 °F to avoid significant adverse impacts.

I regimes) to determine the optimal flow and habitat
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¯ Maintaining water temperature below 68°F in ¯ Increasing Feather River flows in the "low-
migratory routes ofanadromous fish in spring flow" channel to a maximum of 2,500 cubic
and fall. Meeting this target in the lower feet per second (cfs) and reducing the flows
Sacramento River, lower San Joaquin River, through Thermalito Forebay and Afterbay
and in the Delta may be difficult in many released to the Feather River. Thermalito
years as there is no practical, short-term releases can have a major effect on down-
means by which to reduce water temperatures, stream temperatures; only water needed for

irrigation diversions and peaking power
Several stream temperature actions should be generation should be diverted (energy from
implemented immediately. There is general the Thermalito power plant would be
agreement that these actions will improve stream reduced).
temperatures without having significant impacts
on water supply or energy resources. Many ofBecause temperatures are an important habitat
these actions have been recommended by DFGcondition and can vary with changes in other
and by AFRP but have not been implementedfactors, there should be a substantial commitment
because of limited financial resources.They to continued monitoring and evaluation of the
include: physical, chemical, and biological processes and

ecological functions that are governed by stream
¯ Increasing coldwater releasesfrom temperature.

Whiskeytown Lake to Clear Creek to allow
restoration of the habitat along this 18-mileMany stream-temperature management actions
stream segment for salmon and steelheadwill require a slightly longer implementation
spawning and rearing; Whiskeytown Lake period because additional information is needed
could be coordinated with the operation of for careful planning decisions, or because detailed
Shasta Dam to minimize impacts on the waterdesigns for new or modified facilities are required.
supply; Nevertheless, the necessary planning studies and

engineering design work can be initiated on the
¯ Developing a long-term agreement withfollowing longertermactions:

Pacific Gas and Electric Company (to provide
appropriate compensation for energy losses)̄ Establish coordinated stream-temperature
to monitor temperatures and provide bypass management teams for each major stream.
flows in the lower North Fork and South Fork Coordinated teams could follow the approach
segments ofBattleCreektomaintainsuitable used by the Sacramento River Water

for holding, spawning, and Temperature Task Force to help Reclamationtemperatures
rearing habitat for spring-run and winter-run allocate and schedule releases for Sacramento
chinook salmon and steelhead; River temperature control. This cooperative

management approach attempts to maximize
¯ Restoring stream temperature monitoring streamflow and temperature benefits while

capability at several U.S. Geological Survey maintaining other beneficial uses of water.
stream gages and other strategic locations of The choice between carryover storage and
Central Valley streams, combined with increased releases for temperature control can
improving fish sampling and counting devices best be made by this type of adaptive manage-
to provide a solid basis for adaptive stream ment team. Potential conflicts between
temperature management decisions; and different fish populations and other water uses

can also be addressed using this strategy.

¯
~ coJ~
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I ¯ Restore blocks of riparian habitat that are water to be released in spring and early
sufficiently large (>50-100 acres) to create summer to reserve more of the cooler water

I air convection currents, which will cool (at greater depth) for summer and fall
adjacent river water temperatures, releases. Because some carryover storage

must be maintained to provide desirable

I ¯ Restore and protect the stream channels and temperatures downstream, specific reservoir
riparian corridors (i.e., pools, gravelbeds, and releases for water supply may be reduced in
vegetation). Minimizing warming along the some dry years.

I stream gradient and providing habitat features
will allow fish to use cool water areas in deep¯ Provide sufficient summer and fall stream-

flows to maintain adequate holding andpools and springs, rearing temperatures for spring-run, fall-run,I and winter-run salmon of less that 60°F and¯ Develop a comprehensive series of reservoir steelhead trout of less that 65°F in streams
and stream temperature models. The models supporting these populations. This may
would be used to investigate the effects of require limiting hydropower diversions or
possible modifications to reservoir facilities providing higher reservoir releases than would
and stream channel and riparian corridor otherwise be required for downstream

I conditions. These calibrated models can form diversions.
the basis for adaptive management of Central
Valley streamflows and temperatures within [~i=FI=RI=NCI=sI the overall framework of multipurpose water
management objectives and constraints. Hallock, R.J. 1987. Sacramento River system

salmon and steelhead problems and

i To protect and improve Central Valley stream enhancement opportunities. A report to the
temperatures, a responsible balance must be California Advisory Committee on Salmon
achieved between water management for temp- and Steelhead Trout. June 22, 1987.92 pp.
erature controls and other beneficial uses of the

water supply. NMFS. 1997. NMFS Proposed Recovery Plan foravailable
the Sacramento River Winter-run Chinook

To be implemented, these measures may require Salmon. National Marine Fisheries Service,I that water from willing sellers be purchased or Southwest Beach, California.Region,Long
water exchanges negotiated and alternative
supplies explored. There are two generalStrategic Plan for Ecosystem Restoration. 1999.

I programmatic actions: Appendix to the CALFED Bay-Delta Program
Environmental Impact Statement

¯ Provide sufficient carryover storage and /Environmental Impact Report. June 1999.

I selective withdrawal facilities in major
reservoirs. These measures would help opti-U.S. Fish and Wildlife Service. 1996. Recovery
mize summer and fall release temperatures to Plan for the Sacramento/San Joaquin Delta

i allow spawning and rearing of winter-run and Native Fishes. U.S. Fish and Wildlife Service,
fall-run salmon. A target temperature of 56°F Portland, Oregon. 195 pp.
during spawning and egg incubation is appro-

I priate because salmon eggs have increasinglyWang. J.C. 1986. Fishes of the Sacramento-San
high mortality rates as temperatures rise Joaquin estuary and adjacent waters,
above 56°F and total mortality above California: A guide to the early life histories.
68 percent. The Shasta Reservoir temperature Interagency Ecological Study Program for the

¯ device is being constructed to allow warmer Sacramento-SanJoaquinestuary.Technical
Report 9.
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!
COARSE SEDIMENT SUPPLY

and tidal arteries. The size, volume, and seasonal
timing of sediments entering the riverine and

I estuarine systems should be compatible with both
natural and altered flow regimes. Sediment
transport should match channel and floodplain

I characteristics of individual rivers, streams, and
tidal sloughs. A specific sediment management
objective is to redistribute sediment in the
watersheds and valley components of the
ecosystem. An appropriate level, rate, and size of
sediment should be redistributed to match specific

i habitat requirements and ecological functions.

RESOURCE DESCRIPTION
I

The coarse sediment supply is highly variable
between the streams and tidal sloughs of the

I Sacramento and San Joaquin Rivers and Bay-
INTRODUCTION Delta ecosystems. Part of the reason is differences

in soils and geofluvial morphology of the

I Natural sediments of streams, rivers, and estuarieswatersheds. Other factors include difference in
consist of mineral and organic silts, sands, gravel,runoff patterns and watershed characteristics.
cobble, and woody debris. These materialsHuman activities and development may be
naturally enter, deposit, erode, and are transportedimportant factors. Large dams deprive most of the
through the Bay-Delta and its watershed,major riversenteringtheSacmmento-SanJoaquin
Sediment, like water, is one of the natural buildingValley of their primary source of sediment from

I blocks of the ecosystem. Many other ecologicalthe upper watersheds. Upper watershed sediment
processes and functions, and habitats and speciessupplies have been altered by increased human
require specific types and amounts of sedimentuse and habitation in areas previously only

I and the habitats sediments create. Gravel, forinfluenced by natural processes of fire, flood, and
example, is important for maintaining spawningmass wasting.
habitat for salmon and steelhead, and as habitat

i for stream invertebrates. Finer sediments areAlluvial sediment is stored in the valley
important in the natural development of riparianfloodplains along rivers, but much of this natural
and wetland habitats. Major factors that influencesupply is no longer available to rivers and streams
the sediment supply in the Bay-Delta and itsbecause of extensive hardening of banks (e.g.,
watersheds include many human activities such asrip-rap) to protect stream-side levees, orchards,
dams, levees, and other structures, dredging, andand cropland. Some individual streams have an
gravel and sand mining, excess of free sediment, such as the lower Feather

River that is still affected by an oversupply of
River-transported sediments are an essentialsand from the hydraulic mining era. Within the

I component of the physical structure and nutrientDelta, rivers and sloughs appear to suffer from a
base of the Bay-Delta ecosystem and its riverinenet loss of channel sediment resulting in the
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reduction or disappearance of midchannel islands(substrate) in which riparian forests germinate and
and shallow shoal habitats. This is believed to beestablish, and loamy floodplains that support oak
caused by a combination of reduced sedimentwoodland and grasslands. Transporting heavier
supply from rivers, historic loss of Deltacobble and gravel helps rivers dissipate stream
floodplains (reclamation of formerly extensiveenergy, and the formation of heavy cobble bars
tule islands for agricultural uses), high velocityshields the riverbed from excessive erosion and
tidal currents, wind wave and boat wake erosionincision.
of unprotected, artificially steep banks, and
channel dredging to maintain shipping routes andShallow shoals of fresh sediment form along Bay-
floodway capacity. Delta rivers and sloughs by replacing sediment

lost to wave action and tidal currents. The fresh
Land use has also altered natural sedimentsediment createsnewsubstratefortulemarsh and
supplies in Central Valley watersheds. During thesustains shallow-aquatic and tidal-mudflat
gold rush, natural sediment supplies in the Centralhabitats. Fine organic particles and suspended
Valley were greatly altered by extensive hydraulicmineral sediment also provide essential nutrients
and dredge mining on the western Sierra Nevada(e.g., carbon, nitrogen, phosphorus, and iron) that
streams (especially the Yuba, Feather, American,support algae and phytoplankton at the base of the
lower Sacramento, and San Joaquin rivers andfoodweb. High concentration of suspended
their tributary watersheds). Sediment from miningsediment (high turbidity) limits growth of aquatic
in the late 19th Century greatly exceeded theplants and algae by reducing sunlight penetration.
amounts that rivers were able to transport. Rivers
became overloaded with sediment, causingConstructed features and disturbance factors that
deposition and flooding in valley towns and farms,eliminate, reduce, or alter the amount, distribution,
Fine sediments pulsed quickly through the riverand timing of natural sediment sources include:
systems, but the coarser sediments moved more
gradually. By the late 20th Century, most̄ reservoirs behind medium and large dams that
riverbeds had returned to pre-Gold Rush capture the sediment supply from the
elevations because riverflows had cut through the watershed;
old placer mining debris deposits stored along the
banks. Some rivers and creek valleys still contain̄ levees that prevent deposition of fine
"debris dams" (e.g., Daguerre Point Dam on the sediments in the floodplain alongside rivers
Yuba River) built a century ago in an attempt to and increase sediment scour and transport
keep placer mining sediment from spreading into within the river channel by forcing deeper,
streambeds of the valley and causing flooding of more erosive floodflows;
cities and farmlands.

¯ sand and gravel mining in channels and active
Natural sediment recruitment and transport in the lower floodplains of rivers and smaller
Central Valley are tied to streamflow.. Most tributaries that deplete the natural supply to
sediment is transported and deposited during downstream sites;
winter and spring runoff events. Typically, bars,
shoals, and braided deltas form or expand as̄ bank protection and channelization that alters
floodwaters decline and stabilize during the dry sediment transport, reduce natural bar and
season. Flowing water rearranges and sorts riffle formation, and prevent natural bank
sediment (sand, silt, and clay particles) and erosion and gravel and sediment releases to
bedload (cobble and gravel) to create the the river;and
structural support for many important habitats,
including fish spawning gravels, growth medium
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I ¯ dam-regulated reduction of the magnitude andcorridors triggered channel incision and bank
duration of average peak flows during wintererosion. Incision and erosion threatened theI and spring that reduce the ability of a river tointegrity of the levee leading to ongoingsystem,
transport bedload entering the river fromefforts to armor riverbanks and levees with rock
tributary sources, riprap. Implementation of these actions furtherI reduces the natural sediment supply of rivers.

Sediment transport and deposition processes of the
ecosystem have been significantly modified.Confining rivers and hardening banks removes the

i Construction of the Sacramento River, Sanmajor remaining supply of gravel and sediment
Joaquin River, and Delta levees and bypassbelow dams. The lack of gravel and sediment
systems in the early 20th century allowed Centralinhibits bank erosion. Preventing or reducing bank
Valley settlements and California agriculture toerosion also reduces the establishment of instream
expand. The original levee system of thewoody cover (a component of shaded riverine
Sacramento River was built to bypass excessiveaquatic cover) because the erosion required to

I floodflows, maintain sufficient channel depth fortopple trees into the channel no longer occurs.
river navigation, and carry the heavy loads of
sediments deposited into the Central Valley byThe sediment deficit and high transport efficiency

I hydraulic gold mining in the mountains andof the primary Delta channels, combined with
foothills, wave-wash erosion, are causing the progressive

disappearance of remnant tule and willow

I The levees isolated rivers from their naturalmidchannel islands and shoals. These conditions
floodplains and separated the Bay-Delta from theprevent the replenishment of deposits that support
extensive freshwater and saline emergent wetlandsmudflat, emergent wetlands, and willow scrub

I and secondary sloughs that became thehabitats. Lack of sediment and high velocities are
agricultural "islands" we know today. River flowsalso undermining the submerged toe of levees
have sufficiently sluiced most of the sediment pastalong Delta islands.
the river floodplains and Delta and out to San

| Francisco Bay. Some of the sluiced sediment wasImmediately downstream of dams, where water
deposited in deeper channels that now requiretemperature is often cool enough to support

i dredging, spawning fish populations, the release or
uncontrolled spills of "clean, hungry" dam water

The natural supply of gravels and sedimentsremoves the spawning gravels from the channel,

i entering the rivers and dams and reservoirsarmors the channelbed with more resilient cobble
severely reduced streams. Construction of theand boulders, and erodes the fine sediment that
State and federal dam system occurred betweenwould normally support riparian trees and shrubs
the 1930s (e.g., Shasta Dam) and 1970s (e.g., Newalong the banks. Scoured and armored river bedsI Melones and New Don Pedro Dams). Although spawninglack habitatfor salmonandsteelhead
dams provide water supply and flood controlforced to spawn and rear below dams that have cut
benefits, they drastically reduced the naturalthem off from natural upstream habitats.I sediment to Central riversupply Valley
floodplains and the Bay-Delta. Dams captured allFurther downstream, natural sediment and erosion
the bedload and most of the finer sediment. Manypatterns of the floodplain have been altered by

I smaller dams have filled to capacity withriver channelization. Only the Butte basin flood
sediment, overflow area and the Sutter and Yolo Bypasses

support physical sedimentation processes that

i The absence of sediment below dams and theroughly approximate a natural floodplain.
confinement of riversinto narrow, leveed However, flood conveyance capacity, intensive
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farming in the bypasses, and flood easementThe most sustainable approach to restoring
restrictions do not allow the remnant floodplainsfreshwater aquatic and riparian habitats is by
to support natural habitats. Floodplain habitatsrestoring dynamic channel processes; however,
such as emergent marsh, cottonwood-willowrestoration of natural channel processes is now
riparian forest, or valley oak woodland thrive inhampered by the presence of levees and bank
the fine-textured alluvial deposits. A few notableprotection along many miles of rivers. Below
natural habitats do exist. These include Sutterreservoirs, the reductions in high flows, natural
National Wildlife Refuge, the new Yolo Basinseasonal flow variability, and supply of sand and
Wildlife Management Area, and some largegravel have further exacerbated the constraining
privately managed waterfowl habitats in the Butteeffect on rivers with levees and rock banks. It is
basin, therefore a priority to identify which parts of the

system still have (or can have) adequate flows to
Gravel mining in Central Valley river channelsinundate floodplains and sufficient energy to
has also interrupted natural sediment supplies oferode and deposit, and to identify floodplain and
the rivers. In-channel sand and gravel miningmeander zone areas for acquisition or easements
reduces downstream physical habitat and triggersto permit natural flooding and channel migration.
incision of the channelbed both upstream andSediment deficits from in-channel gravel mining
downstream. Large in-channel and low-floodplain should also be identified and the feasibility or
pits are often excavated to a depth lower than theefficacy of augmenting the supply of sand and
stream channel, such as occurs on the eastsidegravel in reaches below dams should be evaluated.
tributaries of the San Joaquin River. These pits
often "capture" the river. This creates additionalOPPORTUNITIES: Mimic natural flows of
ecosystem disturbances by trapping bedloadsediment and large woody debris. Dams disrupt
gravel, causing the river alignment to suddenlythe continuity of sediment and organic-debris
shift, exposing outmigratingjuvenile salmon andtransport through rivers, with consequent loss of
steelhead to increased predation, and stranding ofhabitat, and commonly, river incision,
outmigrating juvenile salmon and steelhead indownstream. In some cases, such as Englebright
isolated backwater ponds when the river recedes.Dam on the Yuba River, the feasibility of dam

removal should be evaluated as a sustainable
I SSU ES AN D solution to reestablishing continuity of sediment

and debris transport, as well providing access to
O PPORTU N ITI ES important spawning and rearing areas. Most dams,

however, cannot be removed, so methods must be
CHANNEL DYNAMICS, SEDIMENT sought to reestablish continuity of sediment and
TRANSPORT, AND RIPARIAN VEGETATION. wood transport with the dam in place. Coarse
There is growing recognition that dynamic riversediment can be artificially added below dams to
channels,freetooverflow onto floodplainsand at least partially mitigate for sediment trapping by
migrate within a meander zone, provide the bestthe dam and ameliorate the impacts of
riverine habitats. The dynamic processes of flow,sediment-starved flows. This approach has been
sediment transport, channel erosion and successfully used in Europe, using sediment from
deposition, periodic inundation of floodplains,natural (landslide) and artificial sources (injected
establishment of riparian vegetation after floods,from barges). On the River Rhine, enough gravel
andecologicalsuccessioncreateandmaintainthe and sand are added below the lowest dam to
natural channel and bank conditions favorable tosatisfy the present sediment transport capacity of
salmon and other important species. Thesethe Rhine to prevent further incision of the bed (an
processes also provide important inputs of foodaverage of over 200,000 cubic yards annually).
and submerged woody substrates to the channel.On the Sacramento River, gravels have been
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I added at a rate much below the river’s transportUndertake fluviogeomorphic-ecological studiesof
capacity so they are vulnerable to washout at higheach river before making large investments in

I flows. A more sustainable approach would be torestoration projects. River ecosystem health
add gravel (and sand) on a regular basis and at adepends not only on the flow of water, but on the
much larger scale to better mimic natural sedimentflow of sediment, nutrients, and coarse woody

I loads and therefore provide the sediment fromdebris and on interactions between channels and
which the river would naturally create andriparian vegetation, variability in flow regime, and
maintain spawning riffles. This latter approachdynamic channel changes. It is only through

I requires a large commitment of resources andinterdisciplinary, watershed, and historical scale
should be undertaken only in rivers where otherstudies that the constraints and opportunities
factors (e.g., temperature regime) are favorable (orparticular to each river can be understood. For

I can be made favorable) for recovery of speciesexample, it was only after a fluviogeomorphic
(such as the upper Sacramento).    Suchstudy of Deer Creek that the impact of flood
opportunities will be more economical wherecontrol actions on aquatic and riparian habitat was

I sources of dredger tailings or reservoir Deltarecognized, a recognition that has lead to a
deposits are available nearby, proposal for an alternative flood management

approach designed to permit natural river

I While recognizing the navigation and flood safetyprocesses to restore habitats along Lower Deer
issues associated with large woody debris inCreek.
rivers, the importance of this debris to the

I foodweb and structural habitat for fish should not VISION
be overlooked. There is an opportunity to
investigate ways by which to pass debris safelyThe vision for coarse sediment supply is to

I through dams and bridges. This may requireprovide a sustained supply of alluvial sediments
replacing some existing bridges with those lessthat are transported by rivers and streams and
prone to trapping woody debris. distributed to riverine bed deposits, floodplains,

I channel bars, riffles, shallow shoals, and mudflats,
Identify and conserve remaining unregulatedthroughout the Sacramento-San Joaquin Valley,
rivers and streams and take actions to restoreDelta, and Bay regions. This would contribute to

i natural processes of sediment and large woodyhabitat structure, function, and foodweb
debris flux, overbank flooding, and unimpairedproduction throughout the ecosystem. Where
channel migration. Most rivers in the Centralsupplies are adequate they should be protected.

i Valley are regulated by large reservoirs andWhere inadequate, natural supplies should be
therefore require considerable investment torestored where possible. Where supplies cannot be
recreate the natural processes needed to sustain      restored naturally, a feasibility analysis of

i true ecosystem restoration; however, a few largeartificially maintaining sediment supplies will be
unregulated rivers still exist, such as theconducted.
Cosumnes River and Cottonwood Creek.

i Lowland alluvial rivers and streams with relativelyIn specific cases natural sediment supply can be
intact natural hydrology should be identified andrestored by removing barriers to sediment
made a high priority for acquisition oftransport. A common barrier to sediment
conservation and flooding easements, setting backtransport in Central Valley rivers are diversion

I dams (e.g., Daguerre Dam on the Yuba River). Inof levees,andotherrestorationactionsbecause
such actions on these rivers are likely to yield highsome tributary streams, small dams that no longer
returns in restoration of natural processes andserve a purpose can be modified, or possibly

I decommissioned and removed. Dam removalhabitatsand,ultimately,fishpopulations.
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allows a larger fraction of gravel to passsupplies will be considered in evaluating potential
downstream, new water supply and flood storage facilities as

of the Bay-Delta solution.part
Studies will be conducted to determine whether
smaller reservoirs could be modified or re-Further natural sediment supplies can be restored
operated to allow some sediment from upstreamby expanding river access to historical floodplains
sources to pass through to the dam outlet,during high flows. Floodplains provide fine
Sediment deposits in the upper ends of reservoirsparticulate organic matter and small food particles.
are potential sources of sediments forThese particles Will reenter the Delta and main
introductions below dams. rivers from overland flows that pass over and

through crop stubble, grasslands, and riparian
In some river reaches, bank armoring could bewoodlands.
reduced or avoided by creating unimpeded
channel meander corridors using special conser-Levee setbacks, partial historical floodplain
vation zones (e.g., erosion easements), landownerrestoration (e.g., breaching diked tidelands) and
incentive programs, and strategic levee setbacksselected Delta island levee removal strategies
where feasible. A natural river meanderingwould provide new sources of sediment to the
process provides much of the sediment needs ofCentral Valley floodplain. These measures,
rivers, combined with increased channel roughness from

marsh and riparian restoration projects, will
Where channel hardening occurs downstream ofincrease the sediment-trapping efficiency of the
major dams, sediments stored in armored banks,Delta in sloughs and channels that are not
bars, and upper terraces can be moved into theessential for commercial ship and barge
active streambed to replace natural sedimentsnavigation.
blocked by the dams. Where bank and floodplain
deposits along rivers below dams have becomeIncreasing the extent of the high-water floodplain
inactive from controlled flows, additionalof the Delta will reduce the potential for channel
sediment can be recruited by restoring episodicerosion, thereby reducing the rate of sediment loss
floodflows. ]~hese floodflows must be of sufficient from midchannel tule islands and shallow shoals.
duration and magnitude (e.g., peak flows thatLarger floodplain areas along rivers would allow
occur every 1.5 to 2 years) to mobilize channel-additional riparian vegetation to grow along the
bed, bank, and bar sediments. This strategy wouldriver floodways and would enhance the formation
apply only to river systems that have an excess ofof bank and bar deposit habitats.
stored channel deposits because of limited flood
duration and magnitude below the dam. SuchAppropriate reaches of the Sacramento, San
actions would be coordinated with project Joaquin, Merced, Mokelumne, Cosumnes,
operations and aquatic species life-cycleFeather, and Yuba rivers and other suitable
requirements, streams, such as Cottonwood and Cache creeks,

will be evaluated and, where feasible, designated
Whereverpossible,the future sediment ~upply for eligibility as river erosion and deposition
from the remaining nondammed tributaries shouldzones, or "meander belts." Meander belts will
be declared a protected ecological resource of theprovide an area where natural erosion and
river and Bay-Delta ecosystem. (Cottonwood sedimentation processes can occur unimpeded
Creek is a prime example of a nondammed(within reasonable limits) to sustain a diversity of
tributary of the Sacramento River that contributessediment-driven habitats.
a significant proportion of the present natural
sediment supply to the river). Effects on sediment
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I
I In these meander belt conservation zones, somē the Anadromous Fish Restoration Program’s

types of agricultural production could continue, gravel replenishment program(CVPIAI Older alluvial floodplains, unlikely to be within Subsection 3406 b13),
the eroding pathway of the river within the next
20-50 years, are ideal farming lands. Farmed areas̄ small dam removal andfish ladderI within the estimated 20-year riverbank migration rehabilitation projects, and
corridor could be targeted for special erosion and
river floodplain easements and incentivē local bank protection and levee construction

I programs. Orchardists could be compensated for projects.
loss of fruit and nut trees caused by natural bank
erosion, or for permanent acquisition as river /INIKa~GE WITH OTHER

I ECOSYSTEM ELEMENTS
floodplainconservationareas.

INTEGRATION WITHI Maintenance of natural sediment supplies in the
OTHER RESTORATION rivers, Delta, and San Francisco Bay is closely

PROGRAMS linked to the following:

I
Protection and enhancement of sediment supplies       ¯ streamflow,
in the rivers and Delta will involve coordination

I with other programs including: ¯ floodplain processes,

¯ stream meander processes,¯ the Upper Sacramento River Fisheries and

I Riparian Habitat Council’s efforts under the
SB 1086 Program to preserve remaining

¯ riparian, wetland, and aquatic habitats,

riparian habitat and reestablish a continuous
and many stressors including:I riparian ecosystem along the Sacramento

River between Redding and Colusa, ¯ dams,

I ¯ river corridor management plans,
levees,

¯ the U.S. Army Corps of Engine.ers
Sacramento River Flood Control and Bank

¯ bank protection,

Protection Projects, ¯ dredging, and

I ¯ San Joaquin River Riparian Habitat
Restoration Program to develop and¯ gravel and sand mining in the floodplain.

implement a plan for restoration of a
continuous riparian corridor,

¯ gravel mine reclamation programs being

I initiated under the Surface Mining and
Reclamation Act by the California
Department of Conservation,

i
~ ~
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STRATEGIC OBJ ECTIVE, downstream of reservoirs, and limit extraction on
unregulated channels to 50% of estimated bedload

TARGETS, AND supply or less (or to levels determined not to

PROGRAMMATIC negatively impact fish and other ecological
resources); (4) develop incentives to discourage

ACTIONS                    mining of gravel from river channels and adjacent
floodplain sites; and (5) develop programs for

Two Strategic Objectives comprehensive sediment management in each
apply to coarse sediment watershed, accounting for sediment trapped by

~ supply. The first objective for reservoirs, availability of sediment from
coarse sediment supply is to tributaries down stream of reservoirs,loss of
restore coarse sediment reservoir capacity, release of sediment-starved

" supplies to sediment-starved water downstream, channel incision and related
rivers downstream of effects, and the need for sources of construction
reservoirs, aggregate.

STAGE I EXPECTATIONS: Sediment-starved
LONG-TERM OBJECTIVE: Implement a channels in the Bay-Delta system will have been
comprehensive sediment management plan for the identified; strategies to mitigate sedimentBay-Delta system that will minimize problems of

starvation, such as shifting mining of gravel from
reservoir sedimentation and sediment starvation, river channels to alternate sources, adding gravel
shift aggregate extraction from rivers to alternate below dams, and removing nonessential dams willsources, and restore continuity of sediment

have been developed; demonstration projects will
transport through the system to the extent feasible. have been implemented (and monitored) to

SHORT-TERM OBJECTIVE: Develop methods
mitigate sediment starvation in at least six rivers.

and procedures to end gravel deficits below dams
and mining operations; prioritize for correction The    second Strategic
existing streams with major deficit problems and Objective for coarse
initiate action on at least 10 streams. ~ sediment supply is to make

sure that high flows occur
RA11ONALE: One of the major negative effects frequently enough in
of dams is the capture of coarse sediments that ’ regulated streams to
naturally would pass on to downstream areas. As maintain channel and
a result, the downstream reaches can become sediment conditions
sediment starved, producing "armoring" of favorable to native aquatic
streambeds in many (but not all) rivers to the point and riparian organisms.
where they provide greatly reduced habitat for fish
and aquatic organisms and are largely unsuitable LONG-TERM OBJECTWE: For regulated rivers
for spawning salmon and other anadromous fish. in the region, establish scientifically based
This objective can be accomplished by a wide high-flow events necessary to maintain dynamic
variety of.means, but most obviously through channel processes, channel complexity, bed
artificial importation of gravel and sand. Other sediment quality, and natural riparian habitats
possible actions include: (1) explore the feasibility where feasible.
of passing sediment through small reservoirs; (2)
remove nonessential or low-value dams; (3) SHORT-TERM OBJECTIVE’= Through
eliminate instream gravel mining on channels management of the reservoir pool or deliberate
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I reservoir releases, provide a series of experimentalSTAGE I EXPECTATIONS." Studies should be
high-flow events in regulated rivers to observeconducted on five to 10 regulated rivers in the

I flow effects on bed mobility, bed sedimentCentral Valley to determine the effects of
quality, channel migration, invertebratehigh-flow releases. Natural floodplains should be
assemblages, fish abundance, and riparian habitatsidentified that can be inundated with minimal

I over a period of years. Use the findings of thesedisruption of human activity. Where positive
studies to reestablish natural stream processesbenefits are shown, flow recommendations should
where feasible, including restoration of periodicbe developed and instituted where feasible.

I inundation of remaining undeveloped floodplains.
The general targets are to conserve and augment

i::~TIONALE:    Native aquatic and riparian the natural sediment supply by increasing the

I organisms in the Central Valley evolved under aavailability of upstream sediment sources on
flow regime with pronounced seasonal andselect streams, increasing the availability of
year-to-year variability. Frequent (annual orsediment stored in banks and riverside

I longer term) high flows mobilized gravel beds,floodplains, increasing the extent of natural stream
drove channel migration, inundated floodplains,bank erosion and channel migration, increasing
maintained sediment quality for native fishes andthe transport of sediment to the Delta and to

I invertebrates, and maintained complex channelspawning reaches of streams, increasing the
and floodplain habitats. By deliberately releasingdeposition and stability of sediment within the
such flows from reservoirs, at least some of theseDelta, and increasing the extent and distribution of

I physical and ecological functions can probably beshallow water habitats and tule-willow islands in
recreated. A program of such high-flow releases,the Delta.
in conjunction with natural high-flow events,

I lends itself well to adaptive management becauseIn most cases the supply necessary to sustain
the flows can easily be adjusted to the levelfunctions and habitats for specific watersheds is
needed to achieve specific objectives. However,not known. Preliminary targets for cubic yards of

i it should be recognized that channel adjustmentsgravel needed below dams have been prescribed
may lag behind hydrologic changes by years orfor selected rivers.
decades, requiring long-term monitoring. Also, on

i most rivers, reservoirs are not large enough toThe following general approach includes actions
eliminate extremely large, infrequent events sothat will sustain existing natural sediment sources
these will continue to affect channel form atand restore natural sources that no longer
irregular, often long, intervals; artificial high-flowcontribute to the sediment supply of rivers and theI be needed maintain desirable       Delta.eventsmay to
channel configurations created during the natural
events. This objective is similar to the previous̄ Protect existing natural sediment sources in

I but differs in its focus on flows that are likely river floodplains from disturbances such asone
to be higher than those needed to maintain most bank protection, gravel mining, levees, dams,
native fish species but that are important for changes in streamflow,and changes to natural

I maintaining in-channel and riparian habitats for stream meanders.
fish as well as other species (e.g., invertebrates,
birds, mammals). Experimental flow releases alsō Artificially maintain sediment supplies below

I will have to be carefully monitored for negative dams that block natural sediments in rivers.
effects, such as encouraging the invasion of
unwanted non-native species. ¯ Increase the availability of sediment stored in

I banks and riverside floodplains by removing
bank protection.
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¯ Enhance and restore natural stream bank
erosion and stream meander processes.
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I
| ¯ STREAM MEANDER

!
RESOURCE DEscRIPTION

I
" ’ ’., ’~ ., " ~’ The width and habitat patch size of riparian forest

I
"’!~i tt ~) /\ COlmected. The forest is always being replenished

(~.: ) by new territory colonized by cottonwood and

/I )~.,,~,~\ ~( | ,,,~y~, ~ ~[ 16 ~
willow trees on recently formed point bars and

The flow velocity in meandering streams varies

I ~¥~,~ ~,z~a~ greatly, causing sediment and organic debris to be
sorted into different sizes at different locations
within the channel along a velocity gradient. Other

I ~,~k~o.~,s.~..,r~.~,~,.,~.~ habitat benefits from meandering streams include
~, = formation of oxbows, sloughs, and side channels

that create a highly productive interaction between

I aquatic and terrestrial communities, (e.g., canopy
| NTRODUCTION shading and leaf and insect drop over the riverine

aquatic bed). Therefore, many species of fish,

I A "stream meander" is a dynamic natural process, amphibians, and insects can find suitable habitat
and is also a term used to describe the. shape of the in stream meander landscapes.
river as a sinuous or bending wave form. Rivers

i with active stream channel meander zones Rivers that flow through their own valley alluvium
generally support a greater diversity of aquatic (i.e., gravel, sand, and silt deposited earlier in
and terrestrial habitat types, time) have the potential to shift position. Rivers

i shift position when banks erode and sediment is
Major factors that limit natural stream channel deposited. Bank erosion and sediment deposition,
migration include construction of levees, bank form bars that block or redirect river flow. The
riprap, channelization, upstream sediment loss bars also stimulate additional erosion as the riverI levees, gravel mining,       channel migrates away from the bar.from damsand instream
vegetation removal for increased floodway

~ capacity or for reclamation of the river floodplain The following characteristics of a river increaseI storage the probability that it will change course duringfor agriculturalusesandthe of waterand
release pattern from State Water Project, Central winter/spring flows:
Valley Project, and other large water development

I projects within the Central Valley. ¯ sediment bedloadhigh average or source,

erodible bank and bed deposits (e.g., sand and
Approaches to restoring more natural stream gravel);

I meander corridors include conserving existing
river migration zones, expanding stream meander ¯ potential for extreme flood peaks, and

~ corridors, conserving upstream and bank sediment

~ I supply, and incorporating simulated flood peaks ¯ a low density of mature vegetation along the
into dam water release schedules during wet years, channel.
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Meandering streams typically support a widersupport full or partial characteristics of a dynamic
corridor of natural habitats than channelizedstream meander pattern. The best example in
rivers. River flora and fauna are adapted to theCalifornia is the Sacramento River between Red
changing, unstable nature of alluvial streams.Bluff and Butte City. Other important examples
They tolerate their stems being buffed by depositsinclude the San Joaquin River (from Mossdale to
of river sediment and disperse seeds by wind andMerced River); the Merced, Tuolumne,
water to locations where new bars have formed.Cosumnes, Feather, and Yuba rivers; and
Meandering streams typically form the pool-riffleCottonwood, Stony, and Cache creeks.
sequence that supports a range of fish habitats.
The leading edge of the eroding side of the bendNatural meander belts tend to be the least affected
generates new sediment and gravel from the bankwhere there are no major levees or where levees
and topples riparian trees into the channel. Theseare set back several hundred feet from the main
processes create high-quality aquatic cover andchannel bank; on rivers that have high flow stage
provide food and substrate for aquatic insects onduring frequent flood peaks, thereby discouraging
which fish feed. Sediment lost at the eroding bankland conversion to urban or agricultural uses; and
is transported downstream and redeposited onon rivers with floodplain soils that are not
point bars. This process initiates the habitatconducive to high-yield crops or orchards (e.g.,
colonization and bank renewal process. Whensaline hardpan soils along the lower San Joaquin
pronounced bends are formed, an unimpeded fiverRiver or gravelly, barren floodplains along the
will eventually cut off the bend by eroding aYuba River).
"shortcut" across the inside bend during high
flows. Through this process, backwater swales andTo support a natural, dynamic stream meander
oxbow lakes are formed, providing important system, the following important characteristics are
juvenile fish rearing areas and sources of foodwebneeded, and identified stressors must be overcome
production, or compensated for:

Rivers with armored banks (rock riprap) or ¯ A supply of gravel and sediment thatmatches
naturally stable stream channels are more likely to the net transport and displacement of channel
have urban or agricultural land use encroach into sediment and bedload. Dams interfere with
the riparian floodplain and forest. This the natural sediment supply from upstream,
encroachment often leaves room for only a narrow while levees, instream gravel mining, and
band of trees or shrubs along the bank and results bank protection projects deplete channel and
in low habitat quality for fish and wildlife, floodplain sediment supplies. Most of the
Alluvial rivers with artificially hardened banks major tributaries of the Sacramento and San
and static channels suffer a general loss of Joaquin Rivers have large dams above an
diversity and quality at the interface of aquatic and elevation of 300 feet. Most of the length of
terrestrialhabitats. Unfortunately, making rivers these rivers in the valley floor are being
more predictable has led to a decline in river mined or have been mined for gravel, and all
ecosystem quality because the species and habitats are confined by leveed and incised channels
that evolvedon rivers are dependent on the along substantial portions upstream of the
changing, natural disturbancecycles of Delta.
meandering streams.

¯ A series of periodic flood peaks sufficient
All Central Valley streams have been affected by magnitude and duration to remobilize and
stressors that diminish stream meandering and rearrange gravel and cobble deposits,
associated aquatic and riparian habitats. However, transport sand and fine sediment to form new
significant reaches of several large rivers still or expanded point bars, and erode banks or
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I
low bars on outside bends. Dam releases of river floodplain functions has converted
typically tame flows or eliminate flood peaks dynamic riverine ecosystems to static

I in dry or normal years. Tamed flows reduce facilities for the transport ofconveyance
bedload transport capacity while increasing irrigation and drinking water and floodflow
base flows during summer. Channelization management. Urban encroachment in

I and levee confinement cause high flows to floodplains and meander belts usually follows
become deeper to compensate for less river confinement and bank hardening.
floodplain width, resulting in artificially

I increased sediment transport capacity. This̄ Development of innovative means to meet
reduced capacity prevents sediment capture in local or riparian water supplies without the
the off-channel floodplains and removes need to install bank protection for diversion

I sediment from shallow shoal and bar deposits, points. Creation of these hard points to
The absence of frequent high-energy flows protect diversions also impairs natural stream
also prevents the scour of riparian vegetation, migration. In general, diversions situated
reducing the rate of natural sediment and within designated stream meander zones
cottonwood regeneration, should be modular and designed to be

removable to accommodate stream meander.

I ¯ Dense vegetation occupying the channelbanks
and adjacent low floodplains to stabilize theIn general, the loss of river meander potential and
river planform (i.e., modulate the annual ratefunctions in the Central Valley has resulted in

I of bank migration), reduce river flow more sterile river ecosystems upstream of the
velocities to cause new sediment to aggradeDelta. Supports less habitat for anadromous and
on bars, build topsoil in higher floodplains, resident fish and provides less nutrients and food

I and provide shade and instream woody cover to the Delta.
to the aquatic zone. Narrow channels created
by levees set too close to the low-flow ISSUES AND

i shoreline separate the river from its floodplain
and leave little room for riparian vegetation. OPPORTU N ITI ES
Bank protection eliminates or reduces

I vegetation on outside bends. ChannelCHANNEL OYN/M~IICS, SEDIMENT
hardening discourages both erosion and pointTRANSPORT, AND RIPARIAN VEGETATION:

bar formation, resulting in a static,There is growing recognition that dynamic river
similarly-aged stand of riparian forest and achannels, free to overflow onto floodplains and

I migrate within a meander zone, provide the bestnarrowingor discontinuityof the riparian
cover. Artificially narrowed channels mayriverine habitats. The dynamic processes of flow,
require periodic vegetation removal tosediment transport, channel erosion and

I maintain minimum floodflow and deposition, periodic inundation of floodplains,capacity are
more likely to require expensive bank riprap establishment of riparian vegetation after floods,
to protect the vulnerable levees during highand ecological succession create and maintain the
flows, natural channel and bank conditions favorable to

salmon and other important species. These
¯ Adequate floodplain width to absorb and pass processes also provide important inputs of food

I out-of-bank flows (i.e., the natural flood and submerged woody substrates to the channel.
stage), capture fine sediments, store and filterThe most sustainable approach to restoring
woody debris, and, most importantly, make freshwater aquatic and riparian habitats is by

I room for the progressive meander migrationrestoring dynamic channel processes; however~
of the river channel within its floodplain. Lossrestoration of natural channel processes is now

I
~ ~
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hampered by the presence of levees and bankstudies that the constraints and opportunities
protection along many miles of rivers. Belowparticular to each river can be understood. For
reservoirs, the reductions in high flows, naturalexample, it was only after a fluviogeomorphic
seasonal flow variability, and supply of sand andstudy of Deer Creek that the impact of flood
gravel have further exacerbated the constrainingcontrol actions on aquatic and riparian habitat was
effect on rivers with levees and rock banks. It isrecognized, a recognition that has lead to a
therefore a priority to identify which parts of the proposal for an alternative flood management
system still have (or can have) adequate flows toapproach designed to permit natural river
inundate floodplains and sufficient energy toprocesses to restore habitats along Lower Deer
erode and deposit, and to identify floodplain andCreek.
meander zone areas for acquisition or easements
to permit natural flooding and channel migration. ~’l S I ON
Sediment deficits from in-channel gravel mining
should also be identified and the feasibility orThe vision for stream meander is to conserve and
efficacy of augmenting the supply of sand andreestablish areas of active stream meander, where
gravel in reaches below dams should be evaluated,feasible, by implementing stream conservation

programs, setting levees back, and reestablishing
OPPORTUNITIES-’remaining unregulated riversIdentifYand streamsand conserveand takenatural sediment supply to restore riverine and

floodplain habitats for fish, wildlife, and plant
actions to restore natural processes of sedimentcommunities.
and large woody debris flux, overbank flooding,
and unimpaired channel migration. Most rivers in
the Central Valley are regulated by large INTEGRATION WITH
reservoirs and therefore require considerable OTHER RESTORATION
investment to recreate the natural processes
needed to sustain true ecosystem restoration; PROGRAMS
however, a few large unregulated rivers still exist,
such as the Cosumnes River and CottonwoodEcosystem Restoration Program Plan (ERPP)
Creek. Lowland alluvial rivers and streams withefforts may involve cooperation with other
relatively intact natural hydrology should beprograms and organizations. These include:
identified and made a high priority for acquisition
of conservation and flooding easements, settinḡ Upper Sacramento River Fisheries and
back of levees, and other restoration actions Riparian Habitat AdvisoryCouncil(SB 1086)
because such actions on these rivers are likely to group efforts and river corridor management
yield high returns in restoration of natural plans implemented for the Sacramento River
processes and habitats and, ultimately, fish (Resources Agency 1989);
populations.

¯ U.S. Army Corps of Engineers’ proposed
Undertake fluviogeomorphic-ecological studies of reevaluation of the Sacramento River Flood
each river before making large investments in Control Project and ongoing Bank Protection
restoration projects. River ecosystem health Project, including more comprehensive
depends not only on the flow of water, but on the floodplain management and river ecosystem

flow of sediment, nutrients, and coarse woody restoration opportunities;
debris and on interactions between channels and
riparian vegetation, variability in flow regime, and̄ Proposed riparian habitat restoration and
dynamic channel changes. It is only through floodplain management studies for the San
interdisciplinary, watershed, and historical scale Joaquin River, including potential new flood

~ ~t.~r^
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bypass systems and expanded river Natural sediment supplies, and
floodplains on lands recently acquired by the
Califomia Department of Parks and Natural floodplains and flood processes.
Recreation and U.S. Fish and Wildlife Service
(USFWS); abitat supported by healthy stream meander

corridors are primarily related to riparian and
Anadromous Fish Restoration Program gravel riverine aquatic habitats.
replenishment programs and plans and small
dam removal and/orfish ladder rehabilitationMany fish, wildlife, plant species, and plant
projects; communities are dependent on the riparian zone

associated with stream meander corridors.
The Nature Conservancy’s ongoing
Sacramento Valley conservation planning;Stressors that impair the health of stream meander
expansion plans being made for thecorridors include:
Sacramento River National Wildlife Refuge
(USFWS) and California Department ofFish ¯ Dams, reservoirs, weirs, and other human-
and Game’s Sacramento River Wildlife made structures;
Management Area;

¯ Levees, bridges, and bank protection;
The Cosumnes River Preserve which is a joint
project of The Nature Conservancy, ¯ Gravel mining;
Department of Interior, Department of Water
Resources, Department of Fish and Game,¯ Invasive riparian plants; and
WildlifeConservationBoard,andothers.

¯ Wildfires in the riparian zone.
Plans for the San Joaquin River Parkway;
plans being put into effect for all county- STRATEGIC OBJECTIVE,
sponsored instream mining and reclamation
ordinances and river and stream management TARGETS, AN D
plans; and reclamation planning assistance PROGRAMMATIC
programs being initiated under the Surface
Mining and Reclamation Act by the California ACTIONS
Department of Conservation. ~ ~

The Riparian Habitat Joint Venture which
I,.~, increase the extent of freely

promotes the coordinated development of
/~

meandering reaches and
riparian restoration plans with the primary other river channelpre-1850
purpose of conserving migrant land birds,                     forms.

LINKAGE WITH OTHER LONG-TI~RM OBJI=CTIVE." Reestablish active

ECOSYSTEM ELEMENTS meander belts on all formerly meandering alluvial
reaches in the Central Valley except those densely

Health stream meander corridors are dependent onurbanized or with infrastructure whose relocation
would have a high cost-to-benefit ratio.the following ecological processes:

¯ Central Valley streamflows,
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SHORT-TERM OBJECTIVES." Inventory (at unimpeded (within reasonable limits), sustaining
1:I,200 scale or better) along all major river a diversity of sediment-driven habitats.
reaches bank conditions and land uses on adjacent
floodplains. Prioritize for acquisition land orThese river reaches and potential meander zones
easements in rural areas with high potential forwill be eligible for river conservation programs
urbanization, especially around meander bends,and appropriate landowner incentives once they
Begin an acquisition program, have been evaluated and ranked according to

ecological process and function characteristics.
P,A’nONALE: Freely meandering rivers have the Remaining Central Valley stream reaches where
highest riparian and aquatic habitat diversity of allnatural meander processes occur will be mapped
riverine systems. Through the process ofand ranked according to the level of meander-
meandering, eroding concave banks and buildingsystem functions, the quality of dependent
convex banks, the channel creates and maintainshabitats, and the contribution to Delta species and
a diversity of surfaces that support a diversity ofimportant physical processes.
habitats, from pioneer riparian plants on newly
deposited point bars to gallery riparian forest on STRE/M~! M~-~IDER CORRIDORS
high banks built of overbank silt deposits.
Similarly, wandering or braided rivers supportLevees and floodplains along rivers of the
distinct habitat types and thus are beneficial toSacramento and San Joaquin Valleys will be
aquatic biota. Floodplain restoration can alsoevaluated to determine if some levees can be set
increase flood protection for urban areas andback to create new meander corridors or nodes of
increase the reliability of stored water supplies inexpanded floodplains and wider riparian forest.
reservoirs (because reservoirs can be maintainedThis approach also benefits flood safety and
at higher levels because of reduced need to catchreduces flood protection maintenance costs by
floodwaters), repositioning levees outside the primary bank

migration pathway of alluvial streams, reducing
STAGE 1 EXPECTATIONS;: Plans for meander the need for expensive rock riprap, and reducing
belts will have been developed for all major riverthe potential for levee breaches. Enlarging
corridors and priorities for land acquisition andinadequate floodplains will increase the volume of
easements established. Development of a meandersafe floodflow, while allowing additional riparian
belt will have begun on at least one river, vegetation within the channel to close gaps in the

forest canopy. Riparian vegetation will tend to
The general targets and actions which willnaturally recolonize stream meanders in areas
contribute to restoring healthy stream meanderwhere the channel is widened because point bar
corridors include thefollowing, development and sediment capture will be

enhanced. Vegetation removal practices, required
EXISTINGRIVER MIGRATION in confined channels, are reduced with levee

ZONES setbacks. The Sacramento River between Chico
Landing and Colusa is an example of a partial

and San levee setback that benefits both flood safety andAppropriatereachesof theSacramento
Joaquin Rivers and their major alluvial tributarieshabitat quality while reducing levee and channel
will be evaluated. Suitable portions will bemaintenance costs.
designated as important river migration and
floodplain deposition zones, or "meander belts."In other areas, land use changes and land
In these zones, natural erosion and sedimentationmanagement costs in floodplains outside existing
processes occur or could potentially occurlevees may no longer justify continual levee

upkeep and future bank protection costs. These

~,, ~ Volume k Ecosystem Restoration Program Plan
u~/t Vision for Stream Meander

79                                                June 1999            _

C--01 8965
C-018965



i areas present additional potential for expandedseasonal pattern of natural, short-duration flood
river meander zones. Levees could be removed,peaks. The magnitude and duration of major

I breached in key locations, or allowed to graduallynatural flood peaks cannot be restored in rivers
erode from river migration processes. An examplebelow large reservoirs, but even short duration
is the floodplain of the lower San Joaquin Riverhigh flows can contribute significantly to the

I near Los BanDs, where former livestock physical forces that meander formation.pasture support
has been acquired for wildlife management as partThis was demonstrated by the experimental flows
of the San LuisNationalWildlifeRefuge. Anotherreleased on the Colorado River below Glen
example is north Delta islands, where landCanyon Dam, which redistributed channel
subsidence and frequent levee failures havesediments from tributaries to create new fish
diminished the value of farmed land. habitat and substrate for riparian vegetation. Dam

releases can be combined with non-regulated
UPSTREAM AND BANK SEDIMENT tributary inflow below the reservoirs to create

SUPPLY flow spikes of sufficient magnitude to mobilize

I bed and bank sediments, clean spawning gravels,
The first step in restoring upstream and bankand form new river corridor landforms.
sediment supply is to identify and rank the

I sediment contribution of remaining non-dammed REFERENCES
tributaries of alluvial rivers. These tributaries help
support the dynamic equilibrium of meanderingCalifornia State Lands Commission,1994.

I stream corridors and spawning gravel areas. River California’s river’s. A trustpublic report.
reaches where bank and floodplain gravels and Second edition. February. Sacramento, CA.
sediment deposits are, or could reasonably be
made, available to meandering rivers throughResources Agency. 1989. Upper Sacramento
natural erosion processes must also be identified. River fisheries and riparian habitat
A variety of approaches will be needed to ensure management plan. The Resources Agency,
that these remaining river sediment supply sources January 1989. 158 p.
are conserved.

Resources Agency. 1998. Draft Sacramento River

I The potential ecosystem benefits of county mining Conservation Area Handbook. Prepared by
ordinances which incorporate incentives and the Sacramento River Advisory Council under
policies that promote replacing instream gravel the SB 1086 Program.

i mines with off-channel mines in high terrace
deposits, abandoned dredger tailings, andStrategic Plan for Ecosystem Restoration. 1999.
reservoir Delta deposits should be evaluated. The Appendix to the CALFED Bay-Delta Program

i objective is to phase out instream gravel extraction Environmental Impact Statement
that disrupts natural meander geomorphology and /Environmental Impact Report. June 1999.
depletes annual sediment supply.

DA~ RELEASE SCHEDULES
DURING

WET YEARS

The potential for modifying reservoir storage

i management during wet years will be investigated.
Releases during wet years could simulate the
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|
¯ NATURAL FLOODPLAINS AND

| FLOOD PROCESSES

| NTRODUCTION contribute to the aquatic foodweb when overbank
floodflows collect and transport organic matter
from the floodplain back to channels andFloodplains and flood processes provide important

seasonal habitat for fish and wildlife, and provideeventually the Bay-Delta estuary, provide low-

sediment and nutrients to both the flooded landsvelocity refuge for fish and other aquatic

and aquatic habitats of the rivers and Bay-Delta.organisms during floods, and provide spawning

Flooding also shapes the associated plant andhabitat for fish species dependent on the Bay-

animal communities. Major factors that reduceDelta. Major factors that have disrupted

floodplain and flood processes contributions to thefloodplains and flood processes in the Delta and
its tributaries include construction of levees thathealth of the Central Valley rivers and the Bay-

Delta include construction of levees that constrictconstrict the floodplain, dams and reservoir

the floodplain, dams and reservoir operations thatoperations that moderate flow and block sediment,

moderate flows, and activities that maintain flowand activities that maintain flow capacity in major

capacity in major flood bypasses, flood bypasses. Approaches to restoring more
natural floodplains and flood processes include

Before reclamation, Central Valley rivers and theconserving existing natural floodplains and

Bay-Delta were comprised primarily of tidal andexpanding confined floodplains.

riverine floodplains in the form of vast tule
islands, perennial grasslands, and riparian fringeRESOURCE DESCRIPTION
corridors, intersected by permanent open water
channels and secondary sloughs. Today only theA natural floodplain is an important component of
primary open water channels remain, bordered byrivers and estuaries that allows many essential
narrow, steep-sided floodplains sandwichedecological functions to occur. Healthy floodplains
between the channel and the levee. Floodplains ofare morphologically complex, including
the Bay-Delta provided a matrix for the interactionbackwaters, wetlands, sloughs, and distributaries
of secondary channel shorelines with tule marsh,that carry ans store floodwater. Floodplain areas
riparian scrub, grasslands, and intertidalcan constitute islands ofbiodiversity within semi-
community types. Floodplains are essential to aadd landscapes, especially during dry seasons and
balanced sediment budget by providing an areaextended droughts. The term floodplain as used
having lower velocity than the main channel,here means the generally flat area adjoining rivers
thereby capturing fine sediment and organicand sloughs that is flooded by peak flows every
debris, and providing a more stable substrate for1.5-2 years and exceed the capacity of the channel
many vegetation types to flourish. During winter("bankfull discharge"). Peak flows in winter and
and spring flood events, floodplains providespring that happen every 1.5-2 years are
important velocity refugia for resident andconsidered by river geomorphologists tobethe
anadromous fish. "dominant discharge" that contributes the most to

defining the shape and size of the channel and the
reduce flood flow distribution of and bed materials.Floodplains stagesbyslowing sediment,bar,

velocities, moderate channel incision and scour byLarger flood events can cause major changes to
providing a wide area for bank overflow, occur, but they do not happen often enough to be
contribute to species diversity by creating thethe decisive factor in river geomorphology.
landforms that support different communities,

~ ~
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A more common use of the term floodplain refers Levees placed close to riverbanks have allowed
to the 100-year floodplain as determined andhuman encroachment on river floodplains. Human
mapped by the U.S. Army Corps of Engineers encroachment on the floodplains of rivers
(Corps) and Federal Emergency Managementaccounts for the predominance of flood-related
Agency (FEMA). This definition is used to damage. Central Valley rivers that have little or no

land-use and flood-management plans, remaining natural floodplain, typically have theprepare
lowest ecological values and present the greatest

Active floodplains provide many ecologicalrisk of flood damage to adjacent lands. Large-
benefits by: scale reclamation and separation of low-lying land

alongside rivers, streams, and estuaries have
¯ Slowing flow velocities eliminated major habitat areas including riparian
¯ Moderating channel incision and scour byforests, marshes, and upper tidal zones.

providing area for bank overflow
¯ Contributing to species diversity by creatingOn many tributaries, large reservoirs and diver-

landforms that support different communitiessions have also reduced the size of natural
¯ Contributing to the aquatic foodweb by floodplains. Reservoirs and diversions reduce the

collecting and transporting organic matterfrequency and duration of bankfull discharge and
from the floodplain back to channels and restrict channel flow to the low-flow channel most
eventually the Bay-Delta estuary of the time, including during the wet season. In

¯ Providing low-velocity refuge for fish and this case, a stream no longer comes into contact

other aquatic organisms during floods with its floodplain except during high-magnitude,
low-frequency flood events. These types of

¯ Providing spawning habitat for fish speciesstreams may experience channel straightening and
dependent on the Bay-Delta incision. The reduction of flood frequency on the

¯ Providing habitats for wildlife such aslower floodplain often encourages encroachment
shorebirds and dabbling ducks, and in highof agricultural land uses and even recreational
rainfall years, diving ducks, development on the area that once supported

One benefit of levees and flood control reservoirsdiverse floodplain habitats.

is reducing the extent of and hazards within the
100-year floodplain and similar high-magnitude,Floodplains reduce flood stages in the Delta,

low-probability storm events, as experienced inrivers, and streams by increasing the cross-

the January 1997 flood. The 100-year floodplainsectional area of the channel and slowing flow
velocities. Under overbank flow conditions, theis related to a natural river floodplain but does not

apply to the following discussion of ecosystemriver merges with its floodplain, increasing the

functions as supported by flood processes. Acapacity of the river to move and temporarily store

predicted 100-year floodplain covers a muchlarge volumes of storm flow. Slow-moving water

larger area than a natural floodplain of a river,covering large riverine floodplains and adjacent
basins naturally detains the volume of floodwatersslough, or stream at bankfull discharge.
entering the Delta and leveed reaches of the lower

At higher flow, water spills out of the channel andSacramento and San Joaquin Rivers. Temporary

flows over the fiat-lying land near the river. Riverfloodplain storage thereby reduces the peak stage

channels are not large enough to accommodateof flood events in the Delta region and other

higher discharges without overflowing. Thissectors of the levee system, and gradually releases

process of out-of-bank flow is a common but little the storm water as flood waters recede. The

recognized attribute of rivers and their floodplain,prolonged inundation of floodplains, such as can
be observed in the Yolo and Sutter bypasses and
Stone Lakes basin, is highly compatible with the
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natural flood tolerance of seasonal wetland andflow/energy gradient exists from the channelbanks
riparian vegetation and animal life. to the outermost extent of the natural floodplain.

The flow/energy gradient results in a
Floodplains capture and store sediment, build soil,corresponding gradient from larger to smaller
and reduce the need for dredging channelsparticle depositionand greater t o lesser frequency
downstream and in the Delta. The overbank flowof inundation. Scour effects are also greatest
across a floodplain is wider and more shallow thannearest the channel banks. The build-up of natural
in the channel. The flow often encounters morelevee mounds and ridges may trap floodwaters in
resistance from vegetation along the outer banks,shallow, marshy basins formed between the
which causes the river to lose energy in theoutermost high ground and the sediment ridge
floodplain areas and, in turn, causes sand and finedeposited alongside the channel. These physical
sediment to be deposited. Natural levee moundsprocesses combine to create highly variable
parallel the channel banks are created by thevegetation community types and age classes over
deposited sediment. The sediment also builds soilthe floodplain surface. The variation in plant
to support forests and grasslands. Naturalspecies and community structure provides a wide
floodplains are thus able to capture and storearray of habitat types and interfaces, resulting in
enormous volumes of fine sediment spread overthe notably high wildlife species diversity found in
large areas, balancing the river’s sediment budgetriverine and estuarine corridors.
and preventing the clogging of channels and
estuaries downstream. Floodplains are a major source of nutrients and

organic matter for the aquatic zone. Floodwater
Floodplain overflow moderates channel incisionpassing over flat-lying lands captures organic
and bank scour. The term stream power refers to material, carbon and nutrient-rich soil particles,
the ability ofriverflow to erode the bed and bank insects, and fallen trees. These materials are
by the shear stress created by deep, high-velocity,transported at high flow stage to backwater basins,
turbulent water. Rivers and streams confined to aestuaries, and secondary channels that may then
narrow channel by bedrock canyon walls or return the organic "cargo" to the river and Delta
constructed levees have greater stream power thanaquatic zone. These organic components provid.e
alluvial rivers with unconfined adjoiningmicrohabitats, prey items, and nutrients that
floodplains. Energy and flood volume divertedsustain zooplankton, aquatic invertebrates, and
into the overbank floodplain regulate the streamsmall fish in the rivers and Delta.
power acting on the channelbed and banks and, in
concert with the binding effect of shorelineOrganic debris and dislodged trees may be
vegetation, prevent instability, captured by filtering floodplainchannel Stream the effectof the
meander moderatestherateofchange. Althoughduring one year, forming debris piles as
many rivers and streams tend to experience somefloodwaters recede, and then be resuspended or
bed incision during high winter flows, the by a subsequent inundation of thesweptaway
floodplain overflow capacity moderates stagefloodplain. Without a floodplain to cycle buoyant
increases and channel velocities that wouldmatter conveyed by rivers and streams at high
otherwise cause excessive channel incision andflow, most of the organic matter generated would
widespread loss of riparian vegetation and riverinebe flushed through the system without being fully
bed habitats during major storm events. Wideused. By detaining floodwaters longer than in the
floodplains also reduce the scour effects on leveesmain channels, floodplains increase the residence
and bridge piers during high flows, time of nutrients, phytoplankton, and zooplankton,

which promotes greater energy use and higher
Floodplains contribute to habitat, and therefore,productivity of the foodweb entering the Delta.
species diversity. During bankfull discharge, a
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Floodplains provide safe haven and spawningSuisun and San Pablo Bays, levees restrict the
areas for native Delta and valley fish species. Fish,extent of tidal floodplains inundated by higher
especially juveniles, seek lower velocity refugehigh tides and storm flow surges passing through
from turbid, turbulent floodflows in rivers and Delta sloughs and rivers.
streams. Vegetated floodplains adjoining channels
provide ideal velocity refuge and overhead andNarrow floodplains along streams limit natural
instream cover during high-flow events. Here,floodplain vegetation. Along rivers and streams
small juvenile salmon, steelhead, and residentcontained within levee systems, the width of the
native fish can avoid excessive predation andfloodplain is restricted, and much of the remaining
weather the inhospitable stormflows in the mainfloodplain surface has been reclaimed for orchard
channel. Some fish species important to the Delta,and cropland. Floodplain narrowing and
such as splittail, will disperse from the rivers andconversion to cropland provides less inundation of
sloughs into shallow, vegetated floodplains tovegetated areas during normal high water events,
spawn. Splittail recruitment is highest during wetthereby reducing the input of critical nutrients and
years when the floodplains of the Delta and rivers,organic materials that typically come from a
such as the lower Yolo basin, are flooded for anatural wide floodplain, and limiting rearing and
long time. In some areas, or under specificspawning habitat for native fish such as splittail.
hydrologic events, poor drainage from floodplainIn other cases, riparian vegetation is removed
and flood overflow areas can pose a hazard tofrom the floodplain to optimize flood conveyance
aquatic organisms, primarily adult and juvenilecapacity if it is assumed that the predicted 100-
fish, by contributing to stranding. Reconnectingyear flood or "design flow"event will exceed the
rivers to their floodplains will be accomplished incapacity of the channel.
ways sensitive to this risk and provide measures to
reduce or eliminate it. Dams and reservoir operations reduce the natural

peaks of a typical flood flow pattern, thereby
Floodplain function is affected by a number ofreducing inundation of the natural floodplain.
common and widespread stressors, includingLarge reservoirs on most of the Sacramento and
levees and dams. Levees restrict the width andSan Joaquin Rivers tributaries capture the 1.5- to
extent of floodplains in rivers and the Bay-Delta.2-year bankfull discharge. Water releases from
In some areas, levees are only slightly wider thanreservoirs limit the magnitude, frequency, and
the channel at low flow, such as along theduration of higher channel-forming flows that
Sacramento River downstream of Colusa.would otherwise spread into the lower floodplain
Restricted flooff’plains typically cause deeper flowareas adjoining rivers. Reservoirs also capture
and faster channel velocity during high stage,most of the incoming fine sediment that is needed
They also restrict the amount and width ofto build soil on the floodplain. The net effect is to
allowable or potential riparian vegetation, andconvert rivers and streams below dams into much
have a low ratio of shallow-water habitats to deep, smaller versions of the original channel and
open water. Channels in these areas typically havefloodplain.
a trapezoidal section, rather than a more natural
compound channel with low bank angles and oneManaged reservoir releases may not be sufficient
or more flat-lying floodplain surfaces. Under theseto interact with the remaining patches of
conditions, channels typically have a high depth-floodplain except during higher magnitude
to-width ratio which is inherently unstable duringstormflows. This is especially true on rivers such
high flows that can remobilize deep layers ofas the American River, where there are no major
channel bed materials. The physical processesnondammed tributaries downstream of Folsom
necessary to sustain floodplain habitats may beand Nimbus Dams. Channel incision that often
absent or diminished.Within the Delta and follows dam construction and associated loss of

Volume I: Ecosystem Restora~’on Program Plan
Vision for Natural Floodplains and Flood Processes

~ p1~2~t~ June 1999

C--018970
C-018970



I         the natural sediment supply further exacerbates      ecological functioning of river channels and
the shrinkage of the floodplain alongside thefloodplains. Integrating ecosystem restoration
lowered channel, with the Army Corps of Engineers’

Comprehensive Study of Central Valley flood
Flood management programs and policiesmanagement can help redesign flood control

i affecting the Sutter and Yolo Bypasses discourageinfrastructure to accommodate more capacity for
vegetation in the floodplain. Although the Yolohabitat while reducing the risks of flood damage
and Sutter Bypasses provide some of the physical(Strategic Plan 1999).

I functions of natural flooding and floodplain
benefits, the full ecological potential of theR’Cr~ASSES AS H~ITAT: The Yolo and Sutter
floodplain is not realized because of the artificiallyBypasses along the Sacramento River are

I uniform grade and generally sterile, nonvegetatedremarkably successful in reducing flooding in
condition of most of the bypass system. Asurban areas. They are also important areas for
recently as 1960, there were still hundreds of acresfarming. The realization of their relatively

I of natural grassland and valley oak woodland inlow-cost benefits to flood control is leading to the
the bypass system, most of which have beenconsideration ofadditionalbypasses, especially in
removed to improve floodway conveyance andthe San Joaquin Valley. There is also a growing

I make way for more intensive cropping patterns, realization that bypasses can be important habitat
for waterfowl, for fish spawning and rearing, and

ISSUES AND possibly as a sources of food and nutrients for

i estuarine foodwebs. For example, when the Yolo
OPPORTUNITIES Bypass is flooded, it effectively doubles the

wetted surface area of the Delta, mostly in

i FLOOD MANAGEMENT AS ECOSYSTEM shallow-water habitat. Managing the bypasses for
TOOL: The current approach is to control floods the benefit of fish and wildlife, however, may
using dams, levees, bypass channels, and channelconflict with their use for flood control and

i clearing. This approach is maintenance intensive,farming. Therefore, there is a major need to
and the underlying cause of much of the habitatevaluate existing bypasses as habitat to reduce
decline in the Bay-Delta system since 1850. Notmanagement conflicts. New or expanded
only has flood control directly affected ecologicalbypasses and managed flood basins should also bei resources, designed with the needs of fish and wildlife inbutconfiningflowsbetweenclosely
spaced levees also concentrates flow and increasesmind (Strategic Plan 1999).
flood problems downstream. Without continued

I maintenance or improvement of flood controlOPPORTUNITIES: Undertake floodplain
infrastructure, further levee failures are likely,restoration on a broad scale, where land or
Emergency flood repairs are stressful to localeasements can be acquired and where the river

I communities and resources and often result inhydrology includes (or be made to include)can
degraded habitat conditions. An alternativesufficiently high flows to inundate floodplain
approach is to manage floods, recognizing thatsurfaces. Restoration of floodplain function can
they will occur, they cannot be controlled entirely,produce benefits, such as reducing stress onmany
and have many ecological benefits. Allowingremaining levees, reducing excessive channel
rivers access to more of their floodplains actuallyscour, and encouraging establishment of riparian

I reduces the danger of levee failure because itvegetation over a larger area within the adjacent
provides more flood storage and relieves pressurefloodplain. A range of possible measures will
on remaining levees. Valley-wide solutions forneed to be employed to fit local conditions, such

I comprehensive flood management are essential toas widening flood bypasses or creating new ones;
ensure public safety and to restore natural,setting levees back, creating backup levee

I
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systems, or deauthorizing specific levee reaches;functions and habitat potential, as well as their
constructing armored notch weirs in levees andflood management benefits.
purchasing flood easements to restore flood basin
storage functions; or implementing measuresFlood processes and floodplain functions can be
described in item two above to increase therestored to many rivers, streams, and estuaries
frequency and duration of overbank flow ontowhere levees are no longer essential for flood
existing floodplains. Reactivating the historicalsafety or where agricultural uses are marginal or
floodplain can provide effective reliable, and costproblematic because of poor drainage, high
effective flood storage while restoring importantmaintenance costs, or frequent sand deposition.
ecological processes (Strategic Plan 1999).

INTEGRATION WITH
VISION OTHER RESTORATION

The vision for natural floodplains and flood PROGRAMS
processes is to conserve existing intact floodplains
and modifying or removing barriers to overbankAttaining the vision for natural floodplains and
flooding to reestablish aquatic, wetland, andflood processes will involve coordination with
riparian floodplain habitats, other programs and organizations, including:

Measures for conserving and enhancing natural̄ Upper Sacramento River Fisheries and
floodplains and flood processes are complimented Riparian Habitat Advisory Council (SB 1086
by the visions for natural sediment supply, natural group) efforts and river corridor management
fluvial geomorphology, and stream meander plans implemented f or the Sacramento River;
corridors. If the floodplain, meander width,
sediment supply, and natural or simulated flood̄ studies underway by the state Reclamation

peaks are in place, the river will respond by Board and DWR to evaluate the aftermath of

creating natural landforms. These natural the January 1997 flood damage, levee

landforms will support self-sustaining vegetation stability, and future floodplain risk

communities and aquatic and terrestrial habitats, assessment;

Evenpartialrestorationor simulationof natural ¯ the U.S. Army Corps of Engineers and thephysical processes and floodplains will enhance Reclamation Board’s Sacramento and San
channel characteristics and resultant habitats. Joaquin River Basins Comprehensive Study,

including more comprehensive floodplain
Conservation and management of natural existing management and river ecosystem restoration
floodplains should be promoted. Cooperative opportunities;
efforts with the U.S. Army Corps of Engineers
and California Department of Water Resources̄ proposed riparian habitat restoration and
(DWR) should be developed to map and describe floodplain management studies for the San
the hydrologic characteristics and conditions of all Joaquin River and its major tributaries, under
remaining natural riverine and estuarine supervision of the State Reclamation Board
floodplains not separated from channels by levees and Corps of Engineers, including potential
or irreversible stream incision. Remaining new flood bypass systems and expanded river
floodplains that interact with bankfull discharge floodplains on lands recently acquired by the
and higher high tides should be maintained as California Department of Parks and
active floodplains because of their ecological Recreation and U.S. Fish and Wildlife Service

(USFWS);
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SHORT-TERM OBJECTIVE: Reestablish active
¯ the San Joaquin River Parkway Plan; inundation of at least half of all remaining

¯ various plans for the restoration of tidelandsunurbanizedfloodplainsin the CentralValley,

(i.e., tidal floodplains) in the north San Pablo where feasible.

Bay and Suisun Bay; and
P,u~TIO~t.E: Frequent (often annual) floodplain

¯ multiagency plans or studies to breach leveesinundation was an important attribute of the
and reopen floodplains of islands of the northoriginal aquatic systems in the Central Valley and
Delta, including Liberty and Prospect Islands,was important for maintaining diverse riverine and
and Little Holland Tract. riparian habitats. Important interactions between

channel and floodplain include overflow onto the
LI N KAG E WITH OTH E R floodplain, which (1) reduces the cutting down of

the channel, (2) acts as a "pressure relief valve",
ECOSYSTEM ELEMENTS permitting a larger range of sediment grain sizes

to remain on the channel bed, (3) increases the
Maintenance of natural floodplain and floodcomplexity and diversity of instream and riparian
processes in the rivers and Delta is closely linkedhabi,tats, and (4) stores floodwater (thereby
with stream flow, sediment supply, and streamdecreasing flooding downstream). The floodplain
meander processes, riparian, wetland, and aquaticalso provides shading, food organisms, and large
habitats, and many stressors including dams,woody debris to the channel. Floodplain forests
levees, bank protection, dredging, and gravel andserve as filters to improve the quality of water
sand mining in the floodplain, reaching the stream channel by both surface flow

and groundwater. The actions necessary to
STRATEGIC OBJECTIVE, reestablish active inundation will probably require

TARGETS, AN D major land purchases or easements, and financial
incentives to move existing floodplain uses

PROGRAMMATIC elsewhere, as has been done in the Midwest since
1993. artificial inundation willACTIONS Obviously, events
have to be planned to take into account other
needs for stored water, including increased

A The Strategic Objective for

summer flows.
natural floodplains and flood
processes is to re-establish STAGE 1 EXPECTATIONS:    All existing
frequent    inundation    of unurbanized floodplains in the Central Valley will
floodplains by removing, have been identified and a priority list for

breaching, or setting back levees and, in floodplain restoration projects developed.
regulated rivers, by providing flow Strategies for the restoration of natural channel
releases capable of inundating and floodplain dynamics will have been developed
floodplains, and implemented in at least two large

demonstration projects. Results of initial
LONG-TERM OBJECTIVE." Reestablish active floodplain reactivation projects will be used to
inundation of floodplains with area targets andincrease understanding of channel-floodplain
inundation frequencies (1-5 years) to be set forinteractions and the potential for restoration of
each major alluvial river (where feasible)based onprocesses.
probable pre-1850 floodplain inundation regimes
and on existing opportunities to modify existing
land uses.
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General targets to restore health to floodplains and applicability to the low-lying plains of the San
flood processes include: Joaquin River and lower tributaries and

should be studied together with levee
¯ conserving and expanding floodplains of upgrades.

Central Valley rivers and Bay-Delta by
augmenting the natural flood processes̄ Modify bypass and channel vegetation
including increasing the average floodplain management policies to allow greater
width and linear extent of low areas beyond vegetative cover on existing floodplains.
channel banks subject to bankfull discharge; Where needed, compensate for increased

channel roughness by implementing other
¯ promoting flood detention in flood basins and, flood control projects upstream that reduce

where appropriate, encouraging wetland peak flood water surface elevations.
formation,

¯ Expand floodplains and bypasses and add
¯ increasing the frequency of inundation of additional flood relief structures to reduce

vegetated floodplains connected to rivers and maximum flood stage in the channels.
tidal channels; increasing the extent of tidal Expanded floodplains will allow for more
inundation at or above mean high tide; and vegetation and habitat within the channels, as

well as the potential to provide greater flood
¯ reducing the extent of trapezoidal channels protection. The Corps of Engineers and the

within levees and floodways; and increasing Governor’s Flood Control Task Force will be
the acreageandconnectivityofnaturalhabitat evaluating the need for new flood relief
areas within active floodplains of rivers and structures for the Sacramento and Feather
estuaries. Rivers along the Colusa Basin and Sutter

Floodplain expansion can be implemented in one Basin and for the San Joaquin River and

of the following ways: lower tributaries along the extensive historic
river plains.

¯ Set back levees along channels and tidal̄ Breach or remove levees along Delta sloughs
sloughs to expand the width of the river’s and former diked tidelands of the Bay.
floodplain within the levee system. This
approach should be evaluated on many rivers REFERENCE
and tributaries as part of the overall
reevaluation of the valley’s flood controlStrategic Plan for Ecosystem Restoration. 1999.
infrastructure and floodplain management Appendix to the CALFED Bay-Delta Program
policies. Environmental Impact Statement

¯ Acquire flood easements on agricultural and
/Environmental Impact Report. June 1999.

natural lands to allow a greater frequency and
extent of floodplain inundation.

¯ Breach or remove levees from channels that
are confined by narrow levee corridors, where
feasible. In farmed areas, much of the land
could continue to be farmed, if desirable,
because most flooding would occur in limited
areas and only during the non-growing
season. This approach may have wide
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¯ BAY-DELTA HYDRAULICS

INTRODUCTION unnatural flow patterns which is particularly
evident in the channels of the southem and central

The Delta of today is greatly altered from itsDelta.

historical condition. Historically, a complex,
dendritic array of channels drained extensiveHydraulic processes are an extremely important

marsh plains. Now, theses channels have beenaspect of the Bay-Delta system and refers to the

replaced by a greatly simplified network ofseasonal and daily direction and velocity of flows

uniform channels, in Bay-Delta channels. The direction and velocity
of flow and their distribution in time and location

The Delta waterways generally contain freshare important factors in habitat preferences of

water, with brief incursions of slightly brackishBay-Delta organisms, erosion and sedimentation

water into the northem and western Delta. Thisprocesses, migratory cues for organisms, and

incursion is more pronounced during the springmany other ecological processes and functions in

and early summers Of very dry years when thethe Bay-Delta. Major factors that affect

discharges from the Sacramento and San Joaquinhydrodynamics of Bay-Delta channels include

rivers are low. This differs from the naturalstreamflow, sediment composition, and channel

pattern in which brackish water intrusion naturallyconfiguration.

occurred in late summer and early fall.
Flow conditions in Delta channels affect foodweb

Beginning in the mid 1800s, the Delta has beenproduction, transport of organisms through the

subject to the effects of alteration of the naturalDelta, and vulnerability to south Delta pumping

seasonal patterns of river discharge, Deltaplant diversions. The Bay-Delta estuary provides

morphology, and tidal prism. These factorsimportant fish spawning, rearing, and migrating

interact to determine water movement patterns andhabitats. The Bay-Delta also serves as an

salinity distribution in the Delta. Salinity levels inimportant link in nutrient cycling and provides for

Delta waters is primarily a result of tidal prismhigh levels of primary (plant) productivity that

and stage, and net Delta outflow. It is alsosupplies the aquatic foodweb.

influenced by prevailing wind direction and
velocity. Daily tidal cycles result in flows in the RESOURCE DESCRIPTION
lower San Joaquin River of up to 300,000 to
400,000 cfs, and the spring-neap cycle alters waterNonimpeded tidal action into tidal wetlands
surface elevations and salinity levels on a monthlyaffects sediment and nutrient supplies into those
basis, wetlands andcomplements natural marsh

successional Tidal action associatedprocesses.
Other factors that now contribute to alteration or with flows out of tidal wetlands transports
moderation of historic flow patterns in Deltanutrients and organic carbon into aquatic habitats
waterways and channels include operation of theof the Bay-Delta.
CVP/SWP pumping plants in the south Delta, the
Suisun Marsh Salinity Control Structure, the DeltaHydrodynamic patterns in the Delta are important
Cross Channel (DCC), and a temporary flow to the survival of delta smelt, longfin smelt,
barrier on the San Joaquin River at the head ofstriped bass, chinook salmon, and other fish
Old River. The DCC and Old River Barrier affect dependent on the Sacramento-San Joaquin Delta.
flow rates, direction, and water surface elevations.Unfavorable hydrodynamic conditions, such as net
At times, these factors contribute to the creation offlow moving south to Delta export facilities
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instead ofmovingwesttoward SuisunBay, reducethat occurred during the mid-1960s. Historical
fish survival, hydraulic conditions provided migratory cues for

aquatic species; transport flows for eggs, larvae,
Improved hydrodynamic patterns will increaseand juvenile fish; and transport of sediments and
residence times of Delta water; provide morenutrients.
natural downstream flows; and improve rearing
and spawning habitat, nutrient cycling, and INTEGRATION WITH
foodweb integrity.

OTHER RESTORATION
Delta hydrodynamics are determined by a PROGRAMS
combination of flow parameters including Delta
inflow, Delta diversions, tidal flows, and facilityThe objective of one current program, the
operations (e.g., operation of the DCC gates). Temporary Barriers Program in the south Delta, is
Cross-Delta water flow to the south Delta to improve the quantity and quality of irrigation
pumping plants reduces residence time of water inwater to agricultural users in the south Delta. A
the Delta and alters flow direction and magnitude,secondary objective is to provide a physical

barrier in spring at the head of Old River at its
Unfavorable hydrodynamic conditions decreasejunction with the San Joaquin River to reroute
juvenile chinook salmon survival as they migrateoutmigrating San Joaquin fall-run chinook salmon
from the Sacramento River through the Delta.downstream and away from the export facilities.
With a high rate of north-to-south flow from theIn fall, a partial rock barrier modifies channel
Sacramento River through the DCC andhydrodynamics to reduce the risk of dissolved
Georgiana Slough into the central Delta, youngoxygen blocks near Stockton and to ensure that a
salmon may become lost or delayed within thegreater percentage of attraction water from natal
Delta, or may become more susceptible to beingstreams reaches the Central and West Delta
drawn to the south Delta pumping plants. Ecological Unit.

Favorable hydrodynamic conditions are importantThe DCC gates are required to be closed under the
for chinook salmon because the Delta is aterms oftheNationalMarineFisheriesService’s
migration corridor and also provides rearingbiological opinion on winter-run chinook salmon
habitat. Juvenile chinook salmon rearing in theand the 1995 Water Quality Control Plan to
Delta are exposed to adverse hydrodynamicreduce impacts on salmon migrating down the
conditions for approximately 1-3 months untilSacramento River. The gates can be closed at the
they are ready to migrate to the ocean, request of the California Department of Fish and

Game for half of November, December, and
Other species, including striped bass and deltaJanuary. The DCC gates are then closed from
smelt, are also subject to being drawn south acrossFebruary 1 through May 15.
the Delta to the pumping plants. Because the water
has a short residence time, the food supply is
generally poor for those fish drawn into or LINKAGE WITH OTHER
residing in the central and southern Delta. ECOSYSTEM ELEMENTS

VISION Bay-Delta hydrodynamics are closely linked to the
health of aquatic habitats in the Bay-Delta and the

The vision for hydraulic processes in theaquatic resources that depend on these health
Sacramento-San Joaquin Delta is to restorehabitats. These include:
channel hydraulics to conditions more like those

~ Volume I: Ecosystem Restoration Program Plan
~ ~I~T~ Iftsion for Bay-Delta Hydraulics

90 June 1999

C--01 8976
C-018976



¯ Tidal perennial aquatic habitat, SHORT-TERM OBJECTIVE: Develop a more
favorable hydrodynamic regime during key

¯ Delta sloughs, and spawning and rearing times for native species and
desirable non-native species. Select and

¯ Midchannel islands and shoals, implement water project operations measures to
the extent feasible to support this hydrodynamic

Species and species groups that are dependent onregime. Evaluate other measures and actions
healthy hydrodynamic conditions in the Bay-Deltadesigned to create favorable conditions for
include: depleted species and implement them where

feasible.
¯ Delta smelt,

RATIO~a_~: The restoration to abundance of
¯ Longfin smelt, most, if not all, of the native species and habitats

in the Sacramento-San Joaquin estuary depends on
¯ Striped bass, the restoration and maintenance of a Bay-Delta

hydrodynamic regime that supports important
¯ Chinook salmon, and ecological functions such as sustaining a

productive food web, providing spawning, rearing,
¯ Many other estuarine and resident aquaticand feeding habitat for estuarine and anadromous

species, fish, and supporting migration of adult and
juvenile fish. Human activities such as reduced

STRATEGIC OBJECTIVE, Delta inflow, exports from the Delta and
conversion of tidal wetlands have had a large

TARGETS. AN D influence on the natural hydrodynamic regime of

PROGRAMMATIC the Bay-Delta. There are opportunities to restore
or simulate, where and when appropriate, a moreACTIONS                   natural hydrodynamic regime, particularly in the

February through June period, that sustains

A
The Strategic Objective for ecological functions and meets the life
Bay-Delta hydrodynamics is requirements of the fish and wildlife in or
establish and maintain a dependent on the Bay-Delta. As more is learned

~ hydrodynamic regime for the about the hydrodynamics of the estuary, direct and
Bay and Delta that favors indirect modifications of estuarine processes (in

native species, desirable non-native an adaptive management context)shouldcontinue.
species, and natural habitats by providing
species needs such as migratory cues, STAGE 1 EXPECTa,TIONS: Implementation of

actions to restore or simulate .a more naturaltransport, food web support, and rearing
habitat and restoring and maintaining hydrodynamic regime in the February through
important aquatic and terrestrial habitats. June period will be underway. Actions will

include modifications to Delta inflow patterns and
export operations during that period as well as

LONG-TERM OBJECTIVE:    Have    a restoration of tidal action to areas within the Bay-
hydrodynamic regime in the Delta, Suisun Bay,Delta. Studies on the factors affecting the
San Pablo Bay, and San Francisco Bay that isabundance of key organisms should be ongoing,
favorable to maintenance of large, self-sustainingAnd a basic understanding of how effective the
populations of species and habitats treatedwater operations measures have been for the at-
separately under goals I, 3 and 4. risk species with continued exports from the south
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Delta should be developed and used to assess the tidal channels to increase the tidal volume of
need for a dual conveyance facility and to the estuary.
implement other strategies for their recovery.

REFERENCE
The general target for restoring and maintaining
healthy Bay-Delta hydrodynamics is to focus onStrategic Plan for Ecosystem Restoration. 1999.
restoring hydrodynamic patterns typical of those Appendix to the CALFED Bay-Delta Program
exhibited when the ecosystem was functioning in
a healthy state (e.g., 1960s). Environmental Impact Statement

/Environmental Impact Report. June 1999.

The general approach to attain the target include
the following:

¯ The effects of water exports and lower
riverflows can be reduced by altering Delta
channel configurations to improve system
hydrodynamics. The two ecological units that
have the greatest need for improved
hydrodynamics are the South Delta and
Central and West Delta Ecological Units.

¯ Modify Delta inflow patterns and export
operations during the February through June
period to more closely mimic hydrodynamic
conditions that would have occurred under
conditions in the mid-1960s.

¯ The greatest opportunities to restore
hydrodynamic processes to reference levels
that occurred when the estuary was healthier
are linked to the water and storage
alternatives. The potential for restoration is
limited by a water storage and transport
component that has its only export facilities
located in the South Delta Ecological Unit.
Under that condition, increased storage

downstream of the Delta couldupstreamor
reduce exports in portions of some months
and .improve hydrodynamics during those
times. Other more limited opportunities exist
that are associated with storing water in the
Delta, using physical barriers in strategic
locations in the Delta, broadening specific
sloughs to increase their flow-bearing
capacity while reducing water velocities, and
restoring large acreages of tidal wetlands and
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) BAY-DELTA AQUATIC FOODWEB

RESOURCE DESCRIPTION

Plant contributions to the estuary foodweb consist
mostly of benthic algae and phytoplankton
produced in the estuary and its watershed.

organisms are bottom"Benthic" foodweb
dwelling, whereas plankton spend most of their
time drifting in the water column. Vascular-plant
debris contributed from terrestrial wetlandor
communities adjacent to the system also
contribute to the foodweb. Algae are generally
small (diameter <0.1 millimeters [mm]), easily

INTRODUCTION transported, and highly nutritious; whereas most
vascular-plant debris begins as coarse particulate

The aquatic foodweb of the Bay-Delta ecosystemorganic matter that must be colonized and partially
is the web of organisms through which energydecomposed by bacteria before being usable by
transfers up through the different trophic levelsinvertebrates and fish.
from the lower level that includes the plants to the
highest level that includes the fish, water birds,The Bay-Delta foodweb has undergone many
and marine mammals. Each level in the webchanges since the 1960s. Most notably, algal
receives energy from the lower levels. The lowerabundance (as measured by chlorophyll
or primary producer level gets energy fromconcentrations in waters of the estuary) has
photosynthesis or basic forms of dissolved organicdeclined in important fish nursery areas of Suisun
compounds in the water. The second level isBay and the western Delta. Lowered algal
generally the primary consumers or herbivoresabundance in Suisun Bay coincides with very low
(e.g., bacteria and algae-eating zooplankton) thatDelta outflow during drier years, particularly in
feed on the plants or plant products. Secondarythe drought years, such as 1977 and 1987-1992,
and tertiary consumers are further up the foodweb,and with very wet years, such as 1983 and 1995.

However, many species of zooplankton underwent
Total productivity of the Bay-Delta estuary is their largest declines between 1970 and 1980, well
dependent primarily on the amount of plantin advance of the 1987-1992 drought (Obreski et
biomass produced and the efficiency in which theal. 1992). Chlorophyll levels greater than 20
energy is transferred up through the higher levelsmicrograms-per-liter (~g/1) represent in Suisun
of the web. The Bay-Delta aquatic foodweb is Bay only twice since 1986.
derived from energy created by many kinds of
plants, some of which are grown in the Bay-DeltaOver the past three decades, chlorophyll
waters and adjacent riparian and wetland habitat,concentrations upstream in the western Delta have
while others are from upstream or landbeen similarto those in Suisun Bay. As in Suisun
production. Bay, concentrations are lower in dry years and

very wet years. Such levels have been achieved in
only two years since 1986.
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Pablo Bay are generally low compared with those
in Suisun Bay and the Delta. Peak concentrations
in the past three decades in San Pablo Bay
occurred in wet years (1980, 1982, 1983, 1984,
1986, and 1995).

Aquatic invertebrate population trends have varied
significantly over the past three decades. Species
that once dominated the aquatic invertebrate
community have become relatively scarce such as
Eurytemora and Neomysis, while some others
have increased in relative abundance. Many native
species have become less abundant or more
narrowly distributed, while dozens of new non-¥~
native species have become well established and

May-October Chlorophyll lnflow to Delta, 1975-1993 widely dispersed. Overall, the abundance of
invertebrate plankton has declined, while most
notably populations of Asian clams, have

pattern of very low chlorophyll levels in Suisunincreased. This transition has been most evident in
Bay and the western Delta beginning in 1987 hasSuisun Bay and other traditionally important
caused concern among many scientists. These lowfish-rearing areas such as the western Delta and
levels may be the result of high densities of AsianMontezuma Slough in Suisun Marsh. Also in
clams (Potamocorbula amurensis) whichthese areas, populations ofrotifers, copepods, and
colonized the Bay after being accidentallyother relatively small species have declined
introduced from the ballast waters of ships. Largesubstantially since monitoring began in the 1960s.
numbers of the clams colonized this area of theThis pattern is perhaps most dramatic for the
estuary during the drought period from 1987 tomysid shrimp, which has declined to less than
1992. one-tenth of its former abundance, particularly

since 1986. The continued decline from 1993 to
Some of the plant production appearing in the1995, despite the return of higher flows, is of
Delta and Suisun Bay is washed down from southparticular concern. These declines in zooplankton
Delta channels and the San Joaquin River.abundance have roughly coincided with the
Chlorophyll levels in these channels reached andecline in algae, one of the main food sources for

of more than 100 /~g/1 in spring and the zooplankton.average
summer of some years in the early 1970s. In the
past two decades, productivity in these channels,The deterioration of the zooplankton community
although remaining relatively high, has declined,and its algal food supply in key habitat areas of
Levels in 1993, 1995, and 1996 were low, the Bay-Delta is a serious problem because striped
possibly because of high flows (as in 1982, 1983,bass, delta smelt, chinook salmon, and other
and 1986); however, lower than expected levels inspecies that use Suisun Bay and the Delta as a
recent dry years are a concern, nursery area feed almost exclusively on

zooplankton during early life. Limited research
In wet years, some algae and other plant materialindicates that survival and growth of fish larvae
in Suisun Bay and the Delta are transported tidallymay improve with increased concentration of
downstream into the wider expanses of San Pablozooplankton. Declines in the production of
Bay and other portions of San Francisco Bay.juveniles of these fish species appear to coincide
Spring and summer chlorophyll levels in Sanwith the declines in algae and zooplankton.
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Modifying the Bay-Delta ecosystem in ways that water supply needs. The San Joaquin River is
will lead to increased algae and zooplankton fertile and sluggish from May to October because
abundance, such as increasing the residence time it consists primarily of agricultural retum flows. In
of water in the Delta, may be critical to restoring contrast, the Sacramento River consists primarily
Bay-Delta fish populations and improving the of reservoir releases that are relatively nutrient
health of its ecosystem, poor. Although the San Joaquin River accounts for

only 17% of Delta water inflow from May through
Much of the plant biomass and other forms of fine October, it contributes 60% of the plant material
particulate organic matter consumed by flowing into the Delta.
zooplankton in the Bay-Delta is transported from
the Sacramento and San Joaquin rivers and From May through October, the amount of plant
accumulates in the western Delta and Suisun Bay. material flowing out of the Delta exceeds the
Some organic matter also comes from the lower amount transported in from the rivers by an
mainstem rivers and from side channels, side average of 44%. This difference results from
sloughs, and floodplain lakes. Large amounts of production of algae within the Delta. Most of the
organic matter and associated bacterial biomass plant material transported to or produced within
enter the rivers, Bay, and Delta as crop residue, the Delta flows out of the Delta, either through the
leaf litter, dead rule stems, and other organic main channel connecting the Delta with Suisun
debris from riparian corridors, floodplains, or Bay or by way of the project pumps in the
other areas subject to periodic flooding by tides southern Delta. Of the total outflow of water and
and high flows. Historically, considerable organic plant material from the Delta (i.e., project exports
material entered the rivers and Bay-Delta from plus "net Delta outflow" to Suisun Bay), on
sewage and food-processing plants. These point average two-thirds goes to Suisun Bay and one-
source loadings have since been reduced as part of third is exported by the pumps.
an overall effort to improve water quality.

The proportion of the organic material in the Delta
The San Joaquin River contributes a that reaches Suisun Bay varies considerably from
disproportionately high percentage year year depends, part, on prevailingof the food to and in
resources supplied to the Delta. The river’s flow conditions. At higher flows, much of the
chlorophyll levels are among the highest recorded organic material brought in by the rivers will
for temperate rivers anywhere in the world. San travel to Suisun Bay or farther to San Pablo Bay
Joaquin River water has a relatively long or central San Francisco Bay. At low flows, a
hydraulic residence time and high phosphorus and greater proportion remains in the Delta or is
nitrogen levels. Under these circumstances, algae exported from the south Delta pumping plants.
have an abundant supply of nutrients and enough
time to process them before being swept In addition to serving as a critical habitat area for
downstream into the Delta. The Sacramento River, food production and accumulation, Suisun Bay is
by contrast, has relatively low nutrient levels an area of intense food consumption. Before the
throughout most of its length and a comparatively prolonged drought that began in the mid-1980s,
short residence time and, therefore, low high densities of copepods, young mysid shrimp,
productivity, and other planktonic grazers usually accompanied

relatively high chlorophyll levels in Suisun Bay.
These differences between the San Joaquin and Dozens of species of filter-feeding clams and
Sacramento Rivers are partly a result of natural other benthic grazers joined in the intense food
differences in regional soils and hydrologic consumption. Since the drought ended in 1993,
conditions, but are also a function of how the two however, chlorophyll concentrations have
rivers have been engineered and operated to meet remained low in Suisun Bay.
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The Asian clam is likely responsible for this lackseem to be a reduction in the capacity of the
of plankton recovery. This non-native marinesystem to support higher trophic levels. This
bivalve was In’st detected in Carquinez Strait inimplies a limit on the extent to which Bay-Delta
1986. Since then, it has become very abundantfish populations can be restored unless creative
throughout San Pablo Bay and Suisun Bay and, insolutions can be found to increase foodweb
dry years, extends upstream into the westernproductivity (Strategic Plan 1999).
Delta. It is estimated that the clam can effectively
filter the entire water column within 24 hours.OPPORTUNITIIE$." Initiate targeted research on
Therefore, some scientists believe that these clamsmajor restoration issues, such as: (1) how to
are effectively removing algae and other finecontrol problem invasive species such as the Asia
organic materials from the water column of Suisunclam (Potamocorbula amurensis), which has a
.Bay almost as fast as the Delta can supply it. Thenegative effect on foodweb dynamics in the
Asian clam is, therefore, considered an importantestuary; (2) factors limiting the abundance of
"stressor" that will likely hamper efforts to restorehigh-priority endangered species; and (3) design
the Bay-Delta foodweb; however, clam densitiesof habitats for shallow-water tidal marsh and
and the extent of their upstream distribution in thebypasses. Use such research to begin addressing
estuary have declined since 1993 with the onset ofissues raised in "Twelve Important Issues" above.
higher freshwater winter and spring inflowsUltimately, the limited funds available for
associated with wet years in 1993, 1995, and restoration will be much more effectively spent if
1996. there is a clear understanding of the relative

seriousness of the diverse problems facing the
The decline of plankton populations andestuarine and riverine ecosystems and of the
chlorophyll concentration in the Bay-Delta may beability to solve those problems. Where the
a result, at least in part, of the effects of heavyresearch can be linked to pilot or large-scale
metals, herbicides, pesticides, and other toxicrestoration projects, the benefits will be multiplied
~ubstances. Low concentrations of these(Strategic Plan 1999).
substances in the water column may act
individually or in combination to reduce VISION
productivity of plant and animal plankton.
Laboratory tests of Delta water on sensitiveThe vision for the Bay-Delta aquatic foodweb is to
organisms indicate periodic toxicity of Deltarestore primary and secondary production to levels
water. comparable to those during the 1960s and early

1970s. Restoring the Bay-Delta foodweb would
I SSUES AN D require enhancing productivity and reducing loss

O PPORTU N ITI ES of productivity as a result of water exports from
the system, and in seeking to reduce or eliminate
the adverse effects of introduced aquatic species.DEeBN~= IN PRODUCTWrrV: Productivity at the

base of the foodweb has declined throughout the
Delta and northern San Francisco Bay. AlthoughAlthough zooplankton abundance has declined in

some of this decline can be attributed to theSuisun Bay, herbivore productivity (i.e.,
productivity of Potamocorbula) in Suisun Bay isintroduced clam Potamocorbula amurensis, or

Asia clam, not all of the decline is explained. Thestill very high. Thus, in Suisun Bay, energy from

decline at the base of the foodweb has beenprimary production flows mainly to the benthos

accompanied by declines in several (but not all)instead of to zooplankton in the water column.

species and trophic groups, including mysids and
The vision is also in evaluate means by which to

longfin smelt. The long-term implications of thisrestore primary and secondary production and
increasing zooplankton biomass.
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There are several means to enhance Bay-Deltafrom the Delta. Spring flow pulses in drier years
productivity. One way to maintain or increasefrom the rivers will enhance productivity in the
productivity is to reduce the loss of nutrients,rivers, Bay, and Delta and ensure that a greater
plants, and animal plankton to water diversions,amount of this productivity is transported through
Additional improvements can be gained bythe Delta to the Bay. More’of the organic material
increasing shallow-water habitat and tidaltransported to or produced within the Delta would
wetlands in the Bay and Delta, which would resultbe retained in the Delta or transported to the Bay
in more plant production. Increasing the acreageif the south Delta export pumps were relocated to
of floodplain lakes, sloughs, and other backwatersthe northern Delta.
in the Sacramento and San Joaquin Rivers will
further increase organic matter inputs to the Delta. | NTEGRATION WITH
Reducing the amount of toxic substances entering
the system will reduce loss of primary and OTHER RESTORATION
secondary production. Other means of increasing PROGRAMS
productivity of the aquatic foodweb include
opening leveed lands to tidal or seasonalEfforts to restore the productivityofthe Bay-Delta
floodflows; increasing the array of sloughs in thefoodweb would involve the cooperation and
Delta; protecting and restoring shallows, shoals,support from established programs underway to
and channel islands in the Delta; and providing forrestore habitat and fish populations in the Bay-
a more natural floodplain and meander belt alongDelta including the following:
the rivers.

¯ The Recovery Plan for the Sacramento-San
Restoring tidal action to leveed lands in San Pablo Joaquin Delta Native Fishes calls for
Bay, Suisun Marsh, and the Delta enhances improving flows, reducing diversions, and
productivity by allowing Bay-Delta waters to increasing habitat.
capture their plant production. The Yolo and
Sutter bypasses offer potential opportunities tō The Salt Marsh Ecosystem Recovery Plan
produce more permanent slough, riparian, and calls for improving a wetland habitat in the
wetland habitats in the Sacramento River Bay.
floodplain. Setback levees or improved riparian

¯ The Recovery Plan for Winter Run Chinookandshallow-waterhabitatalongleveedreachesof

the rivers and Delta offer additional opportunities Salmon (NMFS) includes recommendations
to increase productivity of the Bay and Delta. for habitat and foodweb restoration in the
These actions will promote aquatic and riparian Bay-DeltaandSacramentoRiver.
plant production, which should improve the plant
material base of the foodweb. With greater plant̄ The Recovery Plan for the Salt Marsh Harvest

Mouse and California Clapper Rail includesmaterialavailable,theproductivityof consumers
like zooplankton will be greater, which in turn will provisions for protection and restoration of
increase the productivity of many important fish wetland habitats in the Bay.
and wildlife species in the Bay-Delta.

¯ The Central Valley Project Improvement Act
There are several ways to ensure that increased (PL 102-575)and its associated Anadromous
plant material transported to or produced in the Fish Restoration Plan includes toprovisions
Delta is transported to Suisun Bay. Changes in the reduce losses of organisms into water
timing and magnitude of flows through the Delta diversions, to restore aquatic habitat, to
and exports from south Delta pumping plants may improve water quality, to improve freshwater
increase transport of organic materials to the Bay

~ co~
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flows, and to restore wetland and riparian types throughout the San Francisco Bay
habitats in the rivers and Bay-Delta. region to benefit fish and wildlife using a non-

regulatory approach.
¯ The Steelhead Trout, and Anadromous

Fisheries Program Act of 1988 includes¯ Riparian Habitat Joint Venture will restore
elements to improve freshwater flows and riparian habitats.
riparian habitats in the Sacramento and San
Joaquin Rivers and their tributaries. LINKAGE WITH OTHER

¯ The Delta Wildlife Habitat Protection and ECOSYSTEM ELEMENTS
Restoration Plan include protection and
improvements to riparian and wetland habitatsImprovement of the aquatic foodweb of the Bay-
of the Bay-Delta. Delta is integrally linked with wetland and

riparian habitat restoration, water quality
¯ Central Valley Habitat ~[oint Venture includes (contaminants) improvement, and Central Valley

restoration of riparian and wetlands of thestream flow improvements.
rivers, Delta, and Suisun Marsh.

STRATEGIC OBJECTIVE,
¯ US Army Corps of Engineers Yolo Basin

Wetlands Creation and Restoration Project TARGETS. AND
will increase wetland acreage in the Yolo PROGRAMMATIC
Bypass.

ACTIONS
¯ California Senate Concurrent Resolution 28

has set a goal of doubling wetland acreage by ,~, The Strategic Objective for
the year 2000.

~

the Bay-Delta aquatic
foodweb is to increase

San FranciscoEstuary Project planning for estuarine productivity.
wetland protection and restoration, and water
quality protection and improvement.              LONG-TERM OBJECTIVE-" Using knowledge

gained in the shorter term, raise the level of
¯ San Joaquin River Management Plan is a planecosystem productivity to lift limits on production

to restore riparian and wetland habitats andof desirable species of fish and invertebrates.
improve water quality in the San Joaquin
River and its tributaries. SHORT-TERM OBJECTIVES: Determine the

limits on productivity and the major sources of
¯ SWRCB and RWQCB efforts to restore organic carbon contributing to the estuarine

wetlands and improve water quality of the ecosystem. Evaluate large-scale restoration
rivers and Bay-Delta. projects associated with the restoration of tidal

emergent, seasonal, and nontidal perennial¯ Suisun Resource Conservation District iswetlands, generate hypotheses as to the actions
developing wetlandsrestoration and that might be effective at increasing productivity,
managementplans. and conduct pilot studies based on those findings.

¯ The San Francisco Bay Joint Venture is aP,~’nONAL~:: The abundance of many species in
public/private partnership working to protect, the estuary may be limited by low productivity at
restore, enhance and increase wetlands of allthe base of the food web in the estuarine

~ ~
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ecosystem. The causes of this are complex and̄ Reduce concentrations and loadings of trace
not well understood, but may include a shortage of metals, herbicides, and other toxic substances
productive shallow-water regions such as marshes, in sediments and waters of the Central Valley.
high turbidity in open-water regions of the
estuary, and consumption and sequestering of̄ Reduce losses to diversions by modifying the
available organic carbon by the Asiatic clam. structure and operation of Delta conveyance
Solving the problem directly is difficult but and pumping facilities.
presumably other actions taken as part of the ERP,
such as increasing the acreage of tidal marshlands,¯ Increasing the amount and diversity of
will contribute to the solution. A major obstacle organic matter input from the Bay-Delta
to solving problems of estuarine productivity is watershed by restoring aquatic, riparian, and
our poor understanding, so solutions will have to wetland habitats.
come from research and monitoring of effects of
various ecosystem restoration projects. REFERENCES
STAGE 1 ~XPEGTATIONS: Studies of large- Strategic Plan for Ecosystem Restoration. 1999.
scale restoration projects associated with the Appendix totheCALFEDBay-DeltaProgram
restoration of tidal emergent, seasonal, and Environmental Impact Statement
nontidal perennial wetlands will have been /Environmental lmpactReport. June 1999.
undertaken to assess organic carbon sources and
cycling to generate and test hypotheses as to
factors limiting their availability. These
hypotheses (and findings generated from testing
them) will be considered in setting priorities for
restoration actions taken in future stages.

The general targets for a healthy Bay-Delta
foodweb include:aquatic

¯ Restore chlorophyll "’a" abundance in San
Pablo and Suisun Bays, and in the Delta to
levels that occurred in the 1960’s and early
1970’s.

¯ Restore abundance of important zooplankton
species in San Pablo and Suisun bays, and in
the Delta to levels that occurred in the 1960’s
and early 1970’s.

General programmatic actions to contribute to
attaining targets include:

¯ Increase the residence time of water in the
Delta.

¯ Restore tidal action to diked wetlands.

~ ¢J~F~
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l
¯         ¯ HABITAT VISIONS

INTRODUCTION the inland waters of California. This system is
based largely on fish distribution and endemism.

I This section presents visions for habitat ecosystem
Table 9 identifies important habitat ecosystemelements. Habitats are areas occupied .by plants,

fish, and wildlife that provide specific conditionselements and the related ERPP Strategic

I essential to the needs of plant and animalObjective. Stmtegic objectivesarefixedandwill

communities. There are no fixed boundaries fornot change through time. Table 10 presents the
basis for their consideration.habitats, just as there are no fixed boundaries for

i environments, communities, or ecosystems (Goals
Project 1999). Habitats will benefit markedly from Visions describe the role and importance of each

restoration activities related to ecologicalhabitat type to dependent plants, fish, wildlife, and

and stressors. In some cases, direct      other organisms, a description of the currentprocesses
action may be necessary to restore importantcondition of habitats, stressors and changes to

habitats. Habitat types that are included are thoseecological processes that have altered habitat

I that have a strong effect on an ecological processcondition, and approaches for restoring habitats

or a species that is dependent on the Bay-Delta
and their functions to improve the health of the

and can be restored and managed to improve theBay-Delta and its biological resources. The

i Ecosystem Restoration Program Plan (ERPP)health of the Bay-Delta ecosystem and its
implementation objectives, targets, and actions forresources,                                         each habitat type are described in Volume II:

I Many habitat classification systems have beenEcological Management Zone Visions. Table 11

developed to allow researchers to inventory andpresents the ecological management zone in which

report abundance, distribution, and other relatedtargets, and programmatic actions have been

I data for scientific, educational, or administrativeproposed to accomplish each habitat vision.

purposes. For example, the classification system
developed by Cowardin (1979) was designed by

i wetland ecologists to allow researchers to develop
standard information which could be compared
over large areas of the United States.

I The Delta Wildlife Habitat Protection and
Restoration Plan (Madrone Associates 1980)
modified the habitat classifications of Cowardin

I (1979) to provide descriptions of habitat in the
Sacramento-San Joaquin Delta. The Goals Project
(1999) developed a habitat typology (hierarchical

I classification) in which habitat components of one
level are nested within’the next higher level. The
Bay Institute (1998) broadly described historicI habitat and changes in its ecological history of the
San Francisco Bay-Delta watershed using a
classification system similar to Cowardin (1979).I and Ellison contributed byMoyle (1991)
developing a hierarchical classification system for

I
~ ~
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Table 9. Habitat Ecosystem Elements and Strategic Goal, Objectives, and Subobjectives.

Goal 4: Protect or restore functional habitat types throughout the watershed for public values, such
as recreation, scientific research, and aesthetics.

Note: There are five Strategic Objectives for habitat:

Objective 1: Restore large expanses of all major habitat types in the Delta, Suisun Bay, Suisun
Marsh, and San Francisco Bay.

Objective 2: Restore large expanses of all aquatic, wetland, and riparian habitats in the
Central Valley and its rivers.

Objective 3: Increase the area of tidal marsh (freshwater, brackish, salt) by removing or
breaching levees (opening them to tidal action) and by increasing the elevation of subsided,
leveed former marshes.

Objective 4: Halt as much as is possible the conversion of agricultural land to urban and
suburban uses in areas adjacent to restored aquatic, riparian, and wetland habitats and
manage these lands in ways that are favorable to birds and other wildlife.

Objective 5." Manage the Yolo and Sutter bypasses as major areas of seasonal shallow water
habitat.

Because there is a need for more specificity in setting objectives for habitats, subobjectives for
individual types of habitats have been developed These subobjectives are subordinate to the five
Strategic Objectives.

EcosystemHabitat Strategic SubobjectiveElement

Tidal Perennial
Increase the area of tidal perennial aquatic habitat as an integral component of

Aquatic Habitat restoring large expanses of all major historical habitat types in the Delta, Suisun
Bay, Suisun Marsh, and San Francisco Bay.

Increase the area ofnontidal perennial aquatic habitat as an integral component
Nontidal Perennial of restoring large expanses of all major historical habitat types in the Delta,

Aquatic Habitat Suisun Bay, Suisun Marsh, and San Francisco Bay.

Increase the area and linear extent of Delta sloughs as an integral component of
Delta Sloughs restoring large expanses of all major historical habitat types in the Delta, Suisun

Bay, Suisun Marsh, and San Francisco Bay.

Increase the area of midchannel island and shoal habitat as an integral
Midchannel Islands component of restoring large expanses of all major historical habitat types in theand Shoals       Delta, Suisun Bay, Suisun Marsh, and San Francisco Bay.

Saline Emergent Increase the area of saline emergent wetland habitat (both brackish and salt) as
an integral component of restoring large expanses of all major historical habitat

Wetland        types in the Delta, Suisun Bay, Suisun Marsh, and San Francisco Bay.

¯
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I Ecosystem Habitat
Element

Strategic Subobjective

I Increase the area of fresh emergent wetlands as an integral component ofFresh Emergent
restoring large expanses of all major historical habitat types in the Delta, Suisun

i Wetland Bay, Suisun Marsh, and San Francisco Bay.

Protect existing and restore and increase the area of seasonal wetland habitat as

i an integral component of restoring large expanses of all major historical habitat
Seasonal Wetlands types in the Delta, Suisun Bay, Suisun Marsh, San Francisco Bay, and other

areas of the Central Valley and its rivers.

I Increase the area of riparian and riverine aquatic habitat as an integral
Riparian and Riverinecomponent of restoring large expanses of all major historical habitat types in the

Aquatic Habitats Delta, Suisun Bay, Suisun Marsh, San Francisco Bay, and other areas of the
Central Valley and its rivers.

Protect existing and restore and increase the quality of freshwater fish habitat
Freshwater Fish as an integral component of restoring large expanses of all major historical

I habitat types in the Central Valley and its rivers.
Habitats

Protect existing and restore and increase the quality of essential fish habitat as

I Essential Fish Habitat an integral component of restoring large of all major historical habitatexpanses
types in the Central Valley and its rivers.

I Inland Dune Scrub Improve low- to moderate-quality Delta inland dune habitat to support special-
Habitat status plant and animal species and other associated wildlife populations.

Preserve and restore perennial grassland habitat in conjunction with restoration
I Perennial Grassland of wetland and habitats in order to habitatriparian providehigh-quality

conditions for associated special-status plant and wildlife populations.

I Co-manage agricultural upland and wetland habitat to provide enhanced wildlife
Agricultural Lands forage and resting area habitat for wintering and migrating waterfowl,

shorebirds, and other associated wildlife in the Delta.

i
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Table 10. Basis for Selection of Habitat Ecosystem Elements. I

Ecosystem Habitat
Element Basis for Selection as an Ecosystem Element

Tidal perennial aquatic habitats, particularly areas less than 9 feet deep at mean
high tide, are important habitat use areas for many species offish and wildlife
in the Delta. The substantial loss of historic shallow-water areas, primarily asTidal Perennial

Habitat a result of reclamation of tidally influenced habitat and channel dredging, hasAquatic reduced the available habitat area for associated fish and wildlife. Loss of
shallow-water areas has also caused a reduction in primary and secondary
productivity which contributed to changing the historic foodweb of the Delta.

Nontidal perennial aquatic habitats, particularly areas less than 6 feet deep, are
important habitat-use areas for many species of fish and wildlife in the ERPP

Nontidal Perennial focus area. The substantial loss or degradation of nontidal perennial aquatic
Aquatic Habitat habitats, primarily as a result of reclamation of wetlands and alteration of

streamflows, has reduced the available habitat area for associated fish and
wildlife.

Dead-end sloughs provide warmer, highly productive habitat for seasonal
spawning, rearing, and foraging of important aquatic organisms, as well as
important carbon production for other Bay-Delta habitats. Several smallerDelta Sloughs
branches of tidal slough networks have been severed from the main slough

(Dead-end) channel by levees. For waterfowl and wildlife, dead-end sloughs have
associated marsh and riparian corridors important for breeding, feeding, resting,
and roosting.

Open-ended sloughs provide unique, generally low-velocity habitats and
important migratory pathways for many species and important habitat for

Delta Sloughs wildlife and waterfowl along the riparian corridors of the sloughs. Levee
(Open-ended) construction and channel dredging over many years has converted the gradual

sideslopes supporting marsh and tideflat habitat along sloughs to steep-sided,
high-velocitychannels with narrow or nonexistent shoreline habitat.

Midchannel islands and shoals provide unique remnant shallow-water edge
habitat in many Delta channels. They typically support willow scrub, tule

Midchannel Islands marsh, and tidal mudflat habitats and associated wildlife and fish. Midchannel
and Shoals       islands andshoals have been shrinking or disappearing as a result of progressive

erosion. Loss of this habitat has reduced nutrient cycling, and foodweb support
functions in the ERPP focus area.

¯
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i Table 10. Continued

Ecosystem Habitat
Element

Basis for Selection as an Ecosystem Element

Saline emergent wetland habitats, including brackish and saline wetlands, are
important habitat-use areas for fish and wildlife dependent on marshes and tidal
shallows in the Bay-Delta and support several special-status plant species. The
loss or degradation of historic saline emergent wetlands, primarily as a result of
reclamation of tidally influenced wetlands for agriculture, has substantially

Saline Emergent reduced the habitat area available for associated fish and wildlife species.
Wetland Several plant and animal species closely associated with tidal saline emergent

wetlands have been listed as endangered under the State and federal Endangered
Species Acts, primarily as a result of the extensive loss of this habitat type. Loss
of this habitat has reduced nutrient cycling, and foodweb support functions in
the ERPP focus area.

Tidal and nontidal fresh emergent wetland habitats are important habitat-use
areas for fish and wildlife dependent on marshes and tidal shallows in the ERPP

Fresh Emergent focus area and support several special-status plant species. The loss or
Wetland degradation of historic fresh emergent wetlands has substantially reduced the

habitat area available for associated fish and wildlife species.

Seasonal wetland and aquatic habitats are important habitat-use areas for many
species of fish and wildlife in the ERPP focus area. Loss or degradation of
historic seasonal wetlands, primarily as a result of urban development and
reclamation of wetlands for agriculture, has substantially reduced the habitat
area available for waterfowl, shorebirds, and other water birds. Loss ofvernal

Seasonal Wetlands
pool habitat, in particular, has directly resulted in the listing of several vernal
pool-dependent species as threatened or endangered under the federal

Act. The loss of seasonal habitat,EndangeredSpecies aquaticfloodplain
primarily as a result of levee construction and alteration of riverflows, has
substantially reduced floodplain refuge habitat for fish and spawning habitat for
the Sacramento splittail. Loss of this habitat has reduced water storage, nutrient
cycling, and foodweb support functions in the ERPP focus area.

Shaded riverine aquatic habitat (SRA) is a major component of the ERPP
riparian and riverine aquatic habitat ecosystem element. SRA habitats are
important habitat areas for one or more life stages of most fishes that inhabit the
ERPP focus area. The loss or degradation of historic riparian vegetation from

RiparianandRiverine river and stream channelbanks and alteration of nearshore aquatic habitat have
Aquatic Habitats primarily been caused by channelization, stabilization of channelbanks with
(Shaded riverine

aquatic)
riprap, and construction of levees. Control of flows and diversion of water have
altered the hydrologic conditions that historically supported riparian vegetation.
The loss of SRA has directly contributed to declines in populations of associated
native fishes and reduced an important source of nutrients and allochthonous
material in streams and Delta sloughs.
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Table 10. Continued i

EcosystemHabitat
Basis for Selection as an Ecosystem Element

Element

Riparian scrub, woodland, and forest habitat is the other major component of the
riparian and riverine aquatic habitat ecosystem element. Many species of
wildlife, including several species listed as threatened or endangered under the
State and federal Endangered Species Acts and several special-status plant

Riparian and Riverine
species in the ERPP focus area are dependent on or closely associated with
riparian habitats. Compared with all other habitat types in California, riparianAquatic Habitats
habitats support the greatest diversity of wildlife species. Degradation and loss(Riparian scrub,

woodland, and forestof riparian habitat have substantially reduced the habitat area available for

habitat)
associated wildlife species. Loss of this habitat has reduced nutrient cycling,
and foodweb support functions in the ERPP focus area. Valley oak woodland
habitats are important habitat-use areas for many species of wildlife in the ERPP
focus area. The loss or degradation of historic stands of valley oak woodland
has substantially reduced the valley oak woodland habitat area available for
associated wildlife.

Freshwater fish habitats and native fishes are closely linked in the Central
Valley as the health of the native fish populations is largely dependent on the

Freshwater Fish health of their habitats. Generally the fish habitats include standing waters,
Habitats flowing waters and artificial waters. These habitats have additional utility as this

classification scheme assumes that use by fishes also is representative of use by
less we-known aquatic organisms such as insects and amphibians.

The designation of Essential Fish Habitat is important to allow the systematic
Essential Fish Habitatprotection of chinook salmon habitat and other related elements of biological

diversity within distinct regions of the Central Valley.

Coastal scrub is associated with inland sand dunes and is limited in the ERPP
Inland Dune Scrub    focus area to the vicinity of the Antioch Dunes National Wildlife Refuge. This

Habitat         habitat area supports two plant and one butterfly species listed as endangered
under the federal Endangered Species Act.

Grasslands are important breeding and foraging habitat areas for many species
of wildlife and support several special-status plant species. HistoricallyPerennial Grasslandcommon throughout most of the Central Valley, most perennial grassland in the
ERPP focus area has been lost or has been converted to annual grassland.

¯
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I Table 10. Continued

Basis for Selection as an Ecosystem ElementEcosystemHabitat
Element

Following extensive loss of native wetland habitats in the ERPP focus area,

Agricultural Lands some wetland-associated wildlife species have adapted to the artificial wetland

(Agricultural environment created by some agricultural practices and have become dependent

wetlands)
on agricultural wetland areas to sustain their populations at current levels.
Agricultural wetlands include rice lands; fields flooded for weed, salinity, and
pest control; stubble management; and tailwater circulation ponds.

’
Following extensive loss of some native upland habitats, upland-associated

Agricultural Lands wildlife species have adapted to the artificial upland environment created by
(Agricultural uplands)some agricultural land uses and have become dependent on agricultural upland

areas and fence line vegetation to sustain their populations at current levels.

I
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|
Table 11. Ecological Management Zones in Which Habitat Targets, and Programmatic Actions Are
Proposed. [Note: Refer to Volume II: Ecological Management Zone Visions for information regarding specific targets
and actions.]

IHabitat Vision Ecological Management Zone~

11 2 I 3 I 4 I 5 ] 6 [ 7 [ 8 I 9 [ 10 I 111 12 I 13 I 14
!Tidal Perennial

Aquatic Habitat

Nontidal I
Perennial Aquatic ¯
Habitat

Delta Sloughs ¯ ¯ 1

Midchannel

iIslands and ¯
Shoals

Saline Emergent ¯ 1
Wetland

Fresh Emergent ¯
Wetland

!Seasonal ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯
Wetlands

Riparian and I
Riverine Aquatic ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯
Habitats

Freshwater Fish ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ 1
Habitats

¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ iEssentialFish
Habitat

Inland Dune ¯ ¯
Scrub Habitat 1
Perennial ¯ ¯                           ¯Grassland

IAgricultural ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯
Lands

Ecological Management Zones i
~ 1 = Sacramento-San Joaquin Delta 8 = Feather River/Sutter Basin
2 = Suisun Marsh/North San Francisco Bay 9 = American River Basin
3 = Sacramento River 10 = Yolo Basin ¯

¯4 = North Sacramento Valley 11 = Eastside Delta Tributaries
5 = Cottonwood Creek 12 = San Joaquin River
6 = Colusa Basin 13 = East San Joaquin Basin
7 = Butte Basin 14 = West San Joaquin Basin

¯
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I
| ¯ TIDAL PERENNIAL AQUATIC HABITAT

I INTRODUCTION

~

I Tidal perennial aquatic habitat consists of the
estuary’s edge waters, mudflats and other
transitional areas between open-water habitats and

I wetlands. Similar habitats are defined by the
Goals Project (1999) as elements of tidal baylands

and escape cover. Young salmon forage in thesewhich include mudflats, sandflats, and shellflats.

I These shallow waters are associated with naturalproductive waters and put on critical weight

wetland and riparian habitats that are important tobefore entering the ocean. Striped bass, delta

fish and wildlife of the Bay-Delta. The substantialsmelt, splittail, and many native resident Bay-
Delta fish use this habitat, especially as rearingI loss of historic shallow tidal waters, primarily as

a result of reclamation and channel dredging andareas.

scouring, has led to the decline of many native

I fish, wildlife, and plant species in the Bay-Delta.Tidal perennial aquatic habitat plays a primary

Loss of such habitat has also reduced primaryrole in the formation and maintenance of tidal

(plant) and secondary (invertebrate) productivitywetlands. As tidal aquatic habitats accumulate

I in the Bay-Delta estuary, and has changedsediment vegetationcan increase. Over timethis

important characteristicsofthenaturalfoodwebofvegetation will become wetland and riparian

the system, habitat. As these tidal aquatic habitats accumulate
sediment and vegetation, they maintain their

I structure and function, even with gradual rises in
RESOURCE DESCRIPTION sea level.

Tidal perennial aquatic habitat is important forStressors that adversely affect the health of tidal
many fish, wildlife, and plants. It also supportsperennial aquatic habitats include urban and
many biological functions important to the Bay-industrial development, dredging, levees and

I Delta system. Many animal and plant species,associated land conversion, wastewater
identified as threatened or endangered under thedischarges, and land, urban and agricultural
California and federal Endangered Species Actsrunoff.

I (ESAs), rely on tidal perennial aquatic habitat
during some portion of their life cycle. VISION

i Bay-Delta estuary tidal wetlands and associated
perennial aquatic habitat are among the mostThe vision for tidal perennial aquatic habitat is to

increase the area and improve the quality ofvaluable natural resources in the United States.
Restoring tidal perennial aquatic habitats is anconnecting waters associated with tidal emergent

important ingredient for successfully restoring thewetlands and their supporting ecosystem

Bay-Delta. Tidal aquatic habitats link wetlandsprocesses. Achieving this vision will assist in the

I with open-water habitats~ Such habitat is used asrecovery of special-status fish and plant

foraging and resting habitat and escape cover forpopulations and provide high-quality aquatic

shorebirds, wading birds, and waterfowl,habitat for other fish, wildlife, and plant

Resident and migratory fish use tidal perennialcommunities dependent on the Bay-Delta.
I aquatic habitats for spawning, rearing, foraging,Restoringtidalperennialaquatichabitatwould

also result in higher water quality and increase the
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!
amount of shallow-water and mudflat habitats;not unlike the very productive Honker and Grizzly
foraging and resting habitats and escape cover forBays of Suisun Bay, and much of northern San
water birds; and rearing and foraging habitats, andPablo Bay.
escape cover for fish.

INTEGRATION WITH
Reducing fragmentation of existing tidal perennial
aquatic habitat should be a focus of restoration OTHER RESTORATION
efforts. Many areas of open water in the Bay- PROGRAMS
Delta are isolated by levees or deeper open-water
habitat. Many open-water areas have beenTidal perennial aquatic habitat used here is similar
converted to managed marshes, saltponds, orto the Goals Project (1999) descriptions of shallow
agricultural use. Restoring historic habitats wouldbay and channel habitat, and tidal fiat habitat. It
involve reclaiming former tidal habitat by leveealso includes marine and estuarine subtidal areas
removal, that are less than 2 m deep at low water and

shallow tidally influenced riverineareas
Initial efforts should focus on protecting existing(Cowardin 1979).
tidal perennial aquatic habitats. These existing
habitats offer functions and values that may not beMany programs and projects aim to protect,
possible to recreate. Former habitats should berestore, and enhance habitats within the San
linked with existing healthy habitats to enhanceFrancisco-San Joaquin Bay-Delta estuary. These
natural habitat restoration. Restored habitatsinclude:
should have natural gradients of open water,
shallow water, wetland, riparian, and upland̄ Bay Area Aquatic Habitats Planning Group;
habitats to increase the habitat value for a greater
diversity of species. ¯ Cache Creek Corridor Restoration Plan;

Many leveed lands in the Bay and Delta havē California Wetland Riparian Geographic
subsided and are too low to support shallow tidal Information System Project;
perennial aquatic habitat, and thus cannot be
readily restored. The greatest subsidence has̄ Central Valley Habitat Joint Venture;
occurred in the Central and West Delta Ecological
Management Unit. A comprehensive long-term¯ Governor’s California Wetland Conservation
program is needed to reverse subsidence. Policy;
Changes in land use management, and use of
suitable dredged materials or other "natural̄ Inland Wetlands ConservationProgram;
materials" should be implemented to restore land
elevations to suitable ranges. ¯ Montezuma Wetlands Project;

Restoration efforts should focus on those leveed̄ National Estuarine Reserve Research System;
lands that have not yet been subjected to severe
subsidence. Prime candidates are existinḡ North American Waterfowl Management
managed marshes and salt ponds adjacent to San Plan;
Pablo and Suisun Bays. Leveed agricultural lands
and some industrial lands adjacent to Suisun Baȳ North Bay Initiative;
can be readily restored to tidal aquatic habitat.
Some of the habitat would be mudflats, whilē North Bay Wetlands Protection Program,
deeper waters would be shallow productive bays
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= San Francisco Bay Regional Water Quality Habitats which are closely linked to tidal perennial
Control Board, and San Francisco Bay aquatic habitat include tidal sloughs and channels,
Conservation and Development Commission -saline emergent wetlands, midchannel islands and
Regional Wetlands Management Plan; shoals, and perennial grasslands. Tidal perennial

aquatic habitat also provide an important
" San Francisco Estuary Project;                  ecological connection between open-water areas

and shallow-water, emergent wetlands, and
¯ Suisun Ecological Workgroupof the riparian habitats.

Interagency Ecological Program;
Species which depend on tidal perennial aquatic

¯ Tidal Wetlands Species Recovery Plan; habitat include a large assemblage of marine,
estuarine, anadromous, and resident fish, wildlife,

¯ Wetlands Reserve Program; and plant species and communities.

¯ and Yolo Basin Wetlands Project. Stressors which adversely effect tidal perennial
aquatic habitat include levee construction,

The Ecosystem Restoration Program Plancontaminants,and dredging andsediment
restoration targets and objectives reflect the goalsdisposal.
of many of these programs. For example, the
Goals Project (1999) has completed a STRATEGIC OBJECTIVE,
comprehensive science-based approach to
determining where, how much, and what kinds of TARGETS AND
wetlands should be restored in the Suisun Bay and PROGRAMMATIC
San Francisco Bay areas. Contributing to each of
these program would help to restore critical ACTIONS
ecological processes, functions, and habitats and
reduce or eliminate stressors.

,~k The Strategic Subobjective toincrease the area of tidal
LINKAGE WITH OTHER ~                  perennial aquatic habitat as anintegral component of

ECOSYSTEM ELEMENTS of allrestoring large expanses
major habitat types in the Delta, Suisun

Tidal perennial aquatic habitat is linked to theBay, Suisun Marsh, and San Francisco
following ecosystem elements: (1) ecologicalBay.
processes, (2) habitats, (3) species, and (4)
stressors.

LONG-TERM OBJECTIVE: Restore tidal

Related ecological processes include Delta inflowperennial aquatic habitats in the Delta, Suisun

(Central Valley streamflows) which influences theBay, Suisun Marsh, and San Francisco Bay to a

location of X2; natural sediment supply whichsubstantial fraction of their pre-settlement areas,

influences the maintenance of mudflats, shallowor to a point where all at-risk species that depend

shoals, bottom composition throughout the Deltaon the habitats are no longer at risk.

and Bay; Bay-Delta hydraulic patterns which
influence flow patterns in channels and sloughsiSHORT-TERM OBJECTIVE: Develop and begin

implementation of action plans for restoring largeand Bay-Delta aquatic foodweb which depends on
nutrient input, shallow water interactions, andand significant examples of tidal perennial aquatic

access to tidal perennial habitat, habitat in the Delta, Suisun Bay, Suisun Marsh,
and San Francisco Bay.
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RATIONALE: All majornaturalhabitattypesin Marsh/North San Francisco Bay Ecological
the Delta, Suisun Bay, Suisun Marsh, and SanManagement Zone.
Francisco Bay have been reduced to a small
fraction of the area they once occupied, resultingThe following actions will help achieve this
in a large number of at-risk plant and animalvision:
species and an increased susceptibility of the
remaining areas to irreversible degradation (e.g.,̄ restoring land elevations will allow more
invasion by non-native species). The reduction leveed lands to be returned to tidal shallow
trend is continuing and will have to be reversed if water habitat,
self-sustaining examples of these habitats, and the
diverse organisms they support, are to persist intō setting backs levees would add aquatic habitat
the future. This reversal will require a large along potential margins of the Bay and Delta,
number of diverse and localized actions, from and
levee setbacks to land acquisition to better
management of existing sites. The major habitat¯ opening or breaching levees would also open
types to be restored include tidal shallow water unnaturally isolated lands to tidal flows.
habitat, freshwater emergent wetland, channel
islands and associated habitats, tidal sloughs, REFERENCES
nontidal freshwater emergent wetlands, seasonal
upland wetlands, vernal pools and surroundingCowardin, M.L., V. Carter, F. Golet, and E.
uplands, riparian forests and associated upland LaRoe. 1979. Classification of wetlands and
areas, perennial grassland, and inland dune scrub, deepwater habitats of the United States. U.S.
In order to make restoration actions systematic Department of the Interior. FWS/OBS-79/31.
and cost-effective, specific objectives need to be December 1979. 131 pp.
established for each of the habitat types, as well as
subsets of them that have distinctive biologicalGoals Project. 1999. Baylands Ecosystem Habitat
characteristics, and then priorities set within each Goals. A report of habitat recommendations
objective for protection and restoration activities, prepared by the San Francisco Bay Area

Wetlands Ecosystem Goals Project. U.S.
STAGE 1 EXPECTATIONS: A classification Environmental Protection Agency, San
system for Delta, Suisun Bay, Suisun Marsh, and Francisco and San Francisco Regional Water
San Francisco Bay habitats that can be used as a
basis for conservation actions will have been

Quality Control Board, Oakland, California.

developed.Specific,numericobjectivesshouldbe Strategic Plan for Ecosystem Restoration. 1999.
formulated for each habitat type, with restoration Appendix to the CALFED Bay-Delta Program
objectives based on clearly stated conceptual Environmental Impact Statement
models. Within and among habitat types, /Environmental lmpactReport. June 1999.
conservation and restoration activities should be
prioritized. Work should begin on those projects
given highest priority Within a year of adoption of
the strategic plan.

The general target for restoration of tidal perennial
aquatic habitat is to restore 7,000 acres in the
Sacramento-San Joaquin Delta Ecological
Management Zone and 1,500 acres in the Suisun
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I
¯ NONTIDAL PERENNIAL AQUATIC HABITAT

I
Shifts in river alignments occasionally isolated
oxbow lakes, and drainage divide ponds in Bay

I area tidal wetlands were subjected to limited tidal
action. Most of the remaining nontidal perennial
aquatic habitat areas were established by

I constructing dikes and levees.

Isolating these areas allowed their conversion for

I " other uses, primarily agricultural. Perennial
" aquatic habitats on converted lands are primarily

located in large agricultural drains, small farm

I ponds, industrial ponds, ponds managed for
waterfowl and other wildlife, and Delta island

INTRODUCTION blowout ponds (created by levee failures that

I scour island interiors deeply enough to maintain

Nontidal perennial aquatic habitat in the Bay-permanent water through seepage).

Delta estuary is present in certain low-elevation

I areas. Such areas have permanent open waterExisting nontidal open-water areas generally have

which is no longer subject to tidal influence. Thepoor wildlife value. Nontidal perennial aquatic
habitats have insufficient shoreline cover forsize, quantity, and quality of existing nontidal

I perennial habitat do not equal the wildlife habitatnesting and protection from predators. Adjacent

values of sloughs and backwaters in the estuarylands are relatively barren (e.g., farmed fields and
land next to industrial ponds) and lack coverbefore reclamation,
needed by nesting waterfowl and other species

I Nontidal perennial aquatic habitats are importantthat require adjacent open-water and upland

for many species of wildlife in the Delta. In manyhabitats. A notable exception is the unreclaimed

I places within the Delta, nontidal aquatic habitatblowout ponds around which native vegetation has

has replaced the native tidal aquatic habitats,been allowed to establish (e.g., ponds on Webb

Outside the Delta, the substantial loss or       Tract).

I degradation of nontidal aquatic habitats associated
with Central Valley wetlands has reduced theThe loss of permanent open water within historic

available habitat area for many native fish andtidal wetlands substantially reduced habitat for

wildlife species. Land reclamation is the majorwaterfowl, shorebirds, and other wetland wildlife

I factor that limits the contribution of nontidalspecies in the Bay-Delta system. Important

perennial aquatic habitats to the health of theecosystem processes needed to restore and sustain

Delta. nontidal perennial aquatic habitat include:

I
¯ the geologic and hydrologic condition, stream

RESOURCE DESCRIPTION meander, and tidal function necessary to

I maintain permanent surface water;
Historically, most wetlands in the Bay-Delta
estuary were tidal. Nontidal perennial aquatic̄ a range of elevations sufficient to support

I habitats were largely nonexistent. Some historical deep-water (greater than 3 feet in depth) and
nontidal perennial habitat was created naturally, shallow-water areas; and

I
~ ~
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¯ adjacent wetland and riparian (streambank) and quality of nesting habitat. Increased nesting
vegetation, habitat would increase the production of

waterfowl and other water birds in the estuary.
Land use and human disturbance are stressors on
nontidal perennial aquatic habitat. Insufficient Restoring nontidal perennial aquatic habitat in
buffer areas around open water reduce habitat sufficient quantity and quality will require
value for wildlife species. These species require reestablishing associated ecosystem processes.
quality upland habitats connected to the aquatic Restoring these processes will establish and
habitat and increasing levels of human disturbance maintain habitat, reduce or remove stressors, and
that adversely affects wildlife using open-water help restore adjacent habitats.
areas.

Restoration efforts should be accomplished
The value of open-water habitat to wildlife greatly through landowners, conservation groups, and
increases if emergent vegetation is present along land management agencies. The focus of these
shorelines and in shallow-water areas. Adjacent efforts should be to restore open-water habitats on
dense upland herbaceous vegetation and riparian Delta islands and other former tidelands of the
woodland further increase the value to wildlife. Bay-Delta.

VISION I NTEGRATION WITH

The vision for nontidal perennial aquatic habitat is
OTHER RESTORATION

to increase the area and improve the quality of PROGRAMS
existing open-water areas to provide high-quality
habitat for waterfowl and other water birds. This Nontidal perennial aquatic habitat used here is
vision can be achieved as a component of saline similar to the Goals Project (1999) description of
and freshwater emergent wetland restorations, diked marsh, salt pond, and storage/treatment

pond.
Permanent open-water areas could be restored as
a component of nontidal saltwater, and fresh Efforts to restore nontidal perennial aquatic
emergent wetland habitat areas. The bottom slope habitat would involve cooperation with other
ranges of restored wetland areas will provide the wetland restoration and management programs.
water flow patterns necessary to create a wide These include:
variety of permanent open-water areas.
Waterfowl brood ponds can be constructed on ¯ San Francisco Bay Area Wetlands Ecosystem
agricultural lands next to suitable waterfowl Goals Project,
nesting habitats.

¯ Natural Resources Conservation Service’s
Restoring nontidal perennial aquatic habitat would Wetland Reserve Program,
improve ecological process and functions of other
habitats and wildlife. Adjacent wetland and ¯ Wildlife Conservation Board’s Inland
upland habitats would then have increased Wetlands ConservationProgram,
ecological value. The open shallow water would
provide resting and foraging habitat for waterfowl ¯ restoration programs administered by Ducks
and other water birds. Wading and shore birds Unlimited and the California Waterfowl
would feed in the open shallow water habitat. Association,
These restored habitats may improve the quantity
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I
¯ Central Valley Habitat Joint Venture and " migratory birds,

North American Waterfowl Management

I Plan, ¯ and species and communities.plant

¯ the Suisun Marsh Protection Plan, Stressors which adversely effect nontidal
perennial aquatic habitat and wildlife use include:

¯ and ongoing management of State and federal
wildlife refuges and private duck clubs. ¯ levee construction,

I
Cooperation will also be sought from agencies or       ¯ land use,
organizations with responsibility or authority for

I restoring wetland and aquatic habitats, includinḡ loss of edge vegetation,
California Department of Fish and Game,
California Department of Water Resources, U.S. ¯ and human disturbance.

I Fish and Wildlife Service, the U.S. Army Corps of
Engineers, and the Delta Protection Commission. STR/~TEGIC OBJECTIVE,

I LINKAGE WITH OTHER TARGETS, AND

ECOSYSTEM ELEMENTS PROGRAMMATIC
ACTIONS

I Nontidal perennial aquatic habitat is linked to the
following ecosystem elements: (1) ecological,~, The Strategic Subobjective is

~ processes, (2) habitats, (3) species,and ~....~.                 to increase the area of| (4)stressors. nontidal perennial aquatic
, habitat as an integral

i Related ecological processes include: component of restoring large
expanses of all major historical habitat

¯ natural geologic and hydrologic conditions, types in the Delta, Suisun Bay, Suisun

I Marsh, and San Francisco Bay.
¯ stream meander corridor,

LONG-TERM OBJECTIVE." Restore nontidal

i ¯ and tidal actions that maintain permanentperennial aquatic habitat in the Delta, Suisun Bay,
water. Suisun Marsh, and San Francisco Bay to a

substantial fraction of their presettlement areas, orOther areas which are closely linked to nontidal
I perennial aquatic habitat include: to a point where all at-risk species that depend on

the habitats are no longer at risk.

I
¯ adjacent wetlands and upland habitats, SHORT-TERM OBJECTIVE: Develop and begin

¯ and riparian and riverine aquatic habitat,
implementation of action plans for restoring large
and significant examples of nontidal perennial

~ I Species which depend on nontidal perennialaquatic habitat in the Delta, Suisun Bay, Suisun

aquatic habitat include: Marsh, and San Francisco Bay.
..

I ¯ resident fish and wildlife, RATIONALE: All major natural habitat types in
the Delta, Suisun Bay, Suisun Marsh, and San

-! Volume h Ecosystem Restora~on Program Plan
~ ~-D~TA Vision for Nonddal Perennia/Aquatic Habitat
~ ~ June 1999

C--01 9001
C-019001



Francisco Bay have been reduced to a smallThe following actions would help to achieve
fraction of the area they once occupied, resultingtargets for nontidal perennial aquatic habitat
in a large number of at-risk plant and animalrestoration:
species and an increased susceptibility of the
remaining areas to irreversible degradation (e.g.,̄ Restore nontidal perennial aquatic habitat in
invasion by non-native species). The reduction concert with restoration of fresh emergent
trend is continuing and will have to be reversed if wetland habitats.
self-sustaining examples of these habitats, and the
diverse organisms they support, are to persist intō Restore permanent open-water areas by
the future. This reversal will require a large establishing elevation gradients sufficient to
number of diverse and localized actions, from maintain surface water through natural
levee setbacks to land acquisition to better groundwater or surface-water recharge, or by
management of existing sites. The major habitat pumping water into lowland areas.
types to be restored include tidal shallow water
habitat, freshwater emergent wetland, channel REFERENCE
islands and associated habitats, tidal sloughs,
nontidal freshwater emergent wetlands, seasonalGoals Project. 1999. Baylands Ecosystem Habitat
upland wetlands, vernal pools and surrounding Goals. A report of habitat recommendations
uplands, riparian forests and associated upland prepared by the San Francisco Bay Area
areas, perennial grassland, and inland dune scrub. Wetlands Ecosystem Goals Project. U.S.
In order to make restoration actions systematic Environmental Protection Agency, San
and cost-effective, specific objectives need to be Francisco, California and San Francisco Bay
established for each of the habitat types, as well as Regional Water Quality Control Board,
subsets of them that have distinctive biological Oakland, California.
characteristics, and then priorities set within each
objective for protection and restoration activities.Strategic Plan for Ecosystem Restoration. 1999.

Appendix to the CALFED Bay-Delta Program
STAGE 1 EXPECTATIONS: A classification Environmental Impact Statement
system for Delta, Suisun Bay, Suisun Marsh, and /Environmental Impact Report. June 1999.
San Pablo Bay habitats that can be used as a basis
for conservation actions will have been developed.
Specific, numeric objectives should be formulated
for each habitat type, with restoration objectives
based on clearly stated conceptual models. Within
and among habitat types, conservation and
restoration activities should be prioritized. Work
should begin on those projects given highest
priority within a year of adoption of the strategic
plan.

The general target for restoring nontidal perennial
aquatic habitat is to provide 2,600 acres in the
Sacramento-San Joaquin Delta Ecological
Management Zone, 1,600 acres in the Suisun
Marsh!North San Francisco Bay Ecological
Management Zone, and 1,000 acres in the West
San Joaquin Ecological Management Zone.
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I
- ¯ DELTA SLOUGHS
I

important for breeding, feeding, resting, and
roosting waterfowl. Several resident species of

i Delta fish live in sloughs, and splittail and delta
smelt may use them for spawning. Unlike leveed
river channels, sloughs have marsh and riparian

I fringes with shallow water and natural shaded
riverine aquatic habitat.

I RESOURCE DESCRIPTION

Delta sloughs provide various beneficial habitats.
I                                                            They protection to plants, fish, and wildlifeoffer

from wind and high-velocity flows. Delta sloughs
support floating aquatic plant communities, whichI are otherwise found only in small, sheltered

INTRODUCTION pockets along open channels. The seasonal
succession of native floating plants in sloughs is a

I Sloughs are a small remaining part of naturalvaluable link in the estuary’s food chain. First to
Delta habitats. Sloughs are tidal channels of theappear is duckweed, which provides primary food
Delta that once connected rivers to the Bayproduction for insect larvae, crustaceans, and

I through Delta marshes. These low-velocity,waterfowl and other birds. The duckweed
natural tributaries of Delta rivers vary in depth andcommunity creates conditions favorable to water
width, have gently sloped, vegetated sides, and arefern establishment. The water fern’s pores contain

I connected to the Delta. a bacterium that photosynthesizes and "fixes"
(stores) nitrogen, which allows the water ferns to

Most of the I)elta sloughs were lost when theestablish in nitrogen-deficient waters. Aquatic

I islands were reclaimed by construction of theplants in sloughs provide protective cover for fish;
levees. Many smaller Deltasloughswere lost inhabitat for insects, fish, and birds; and an
the past several decades when levees severed themabundance of food organisms. Wildlife use varies

I from main channels. Levee construction andwith the amount of open water and marsh, the
maintenance along sloughs has reduced the habitatextent and type of vegetation present, and
value of many natural sloughs in the Delta. Boatsurrounding land uses.

I traffic has also lead to shoreline erosion and loss
ofshallowwater, marsh, and riparian habitat alongDelta sloughs provide habitat for biological
many sloughs, functions necessary for the survival of resident

and migratory fish species. These species need

| Sloughs provide warmer, highly productiveDelta slough’s warm, highly productive habitat for
habitat for seasonal spawning, rearing, andseasonal spawning, rearing, and foraging.

I foraging for many aquatic organisms, as well asOrganic carbon created by the sloughs helps other
important organic carbon productivity for all Bay-Delta habitats.
habitats of the Bay-Delta. Sloughs provide
shallow, low-velocity refuge habitat for manyAdjacent marsh and riparian corridors provide
native fishes. Slough habitat also includesbreeding, feeding, resting, and roosting habitat for
associated marsh and riparian corridors that arewaterfowl and wildlife. Delta sloughs and their
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riparian scrub, riparian forest, and open-waterhabitat for wildlife. Existing sloughs would be
habitats provide the complex habitat needed byprotected and enhanced and the area of tidal

State- and federally listed species such asslough habitat would be increased.some
the giant garter snake, splittail, and delta smelt.

Existing natural sloughs require protection and
Dead-end sloughs include Beaver, Hog, andhabitat improvement. Additional restoration
Sycamore sloughs. These quiet backwatersefforts would be identified by developing a
provide essential habitat for native resident fish.thorough understanding of site-specific sediment
Open-ended sloughs provide unique, generallytransport, tides, hydrogeomorphology (landscape
low-velocity habitats and migratory pathways forforms created by moving water), and Delta
many species. In addition, the adjacent riparianchannel hydraulics (water flow patterns).
corridors provide habitat for wildlife and Restoration of a variety of slough and adjacent
waterfowl, terrestrial and aquatic areas would provide a wide

range of complex habitats that would benefit many
Sloughs provide valuable transitional zones thataquatic and terrestrial species.
link upland terrestrial habitats with open-water
habitats. Historically, these transitional areasChanges in tidal flows through sloughs and
provided foraging, resting, and escape cover fordecreased human disturbance (e.g., reduced wake
shore and wading birds and other waterfowl,erosion) could improve slough habitat. Removing
Resident and migratory fish use sloughs forinvasive, non-native aquatic plants would help
rearing, foraging, and escape cover, restore many smaller sloughs to their natural

function.
The ability of most sloughs to provide these
functions has been severely degraded. Urban and | NTEGR/IkTION ~/VITH
industrial development has moved into areas
adjacent to sloughs, destroying historic riparian OTHER RESTORATION
habitat. Other factors that have contributed to PROGRAMS
degradation of habitat values include invasion and
spread of non-native aquatic plants, such as waterDelta sloughs as described here are related to the
hyacinth, reduced water quality, and reducedtidal riverine classification in Cowardin (1979),
freshwater outflows. In addition, levee the slough and backwater designation in Moyle
construction and channel dredging have convertedand Ellison (1991), and the channels and open
gradual sideslopes that once supported marsh andwater habitat and lakes and dead-end channels
tidal fiat habitat into steep-sided, high-velocitydescriptions in Madrone Associates (1980).
channels with narrow strips of emergent shoreline
habitat. Many projects associated with wetlands would

benefit open-ended and dead-end sloughs. Some
VISION of these are sponsored by:

The vision for Delta sloughs is to increase the areā San Francisco Estuary Project, Bay Area
and improve the quality of interconnected dead- Wetlands Planning Group,
end and open-ended Delta sloughs. Achieving
this vision will assist in the recovery of special-̄ California Wetland Riparian Geographic
status fish and wildlife populations, provide Information System Project,
shallow-water habitats for fish spawning and
rearing, and provide aquatic, wetland, and riparian
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¯ Governor’s California Wetland Conservation increased water velocities, and the removal of
Policy, overhanging vegetation.

¯ Canal Ranch Project to develop tidally STRATEGIC OBJECTIVE,
influenced areas and riparian zones in
conjunction with existing agricultural TARGETS. AND
practices, PROGRAMMATIC

¯ Inland Wetlands Conservation Program, ACTIONS

¯ North Bay Wetlands Protection Program, ~ The Strategic Subobjective is
to increase the area and linear

¯ San Francisco Estuary Project, extent of Delta sloughs as an
, integral component of

¯ and Wetlands Reserve Program. restoring large expanses of all
major historical habitat types in the Delta,

LINKAGE WITH OTHER Suisun Bay, Suisun Marsh, and San

ECOSYSTEM ELEMENTS
Francisco Bay.

Delta sloughs are linked to the followingLONG-TERM OBJECTIVE: Restore slough

ecosystem elements: (1) ecological processes, (2)habitatsin theDelta,SuisunBay,SuisunMarsh,

habitats, (3) species, and (4) stressors. Forand San Francisco Bay to a substantial fraction of

example sloughs are an important element in Deltatheir pre-settlement areas, or to a point where all

channel of at-risk species that depend on the habitats are nohydraulics,providea range aquatic
habitats from deep water to tidal emergentlonger atrisk.

vegetation, and support riparian vegetation. Many
resident fish species, invertebrates, reptiles, andSHORT-TERM OBJECTIVE: Develop and begin

amphibians utilize these habitats, as well asimplementation ofactionplansforrestoring large
and significant examples of slough habitat in theresident and neotropical migratory birds, and

waterfowl. Delta, Suisun Bay, Suisun Marsh, and San
Francisco Bay.

Maintenance and restoration of Delta and other
tidal slough are dependent on channel hydraulics,RATIONALE: All major natural habitat types in

natural sediment supply, sediment transport,the Delta, Suisun Bay, Suisun Marsh, and San

erosion, deposition, and tides. Francisco Bay have been reduced to a small
fraction of the area they once occupied, resulting

Other habitats that are interconnected to Delta andin a large number of at-risk plant and animal

other tidal sloughs include open water areas, tidalspecies and an increased susceptibility of the

perennial aquatic habitat, mainstem rivers,remaining areas to irreversible degradation (e.g.,

emergent wetlands, mudflats, seasonalinvasion by non-native species). The reduction

floodplains, and riparian and riverine aquatictrend is continuing and will have to be reversed if

habitats, self-sustaining examples of these habitats, and the
diverse organisms they support, are to persist into

Stressors to the health and quality of sloughthe future. This reversal will require a large

habitats include levee and channel island erosion,number of diverse and localized actions, from
levee setbacks to land acquisition to better
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management of existing sites. The major habitatthrough cooperative agreements with land
types to be restored include tidal shallow water management agencies or conservation easements
habitat, freshwater emergent wetland, channelor purchase from willing sellers.
islands and associated habitats, tidal sloughs,
nontidal freshwater emergent wetlands, seasonal̄ Restore hydrologic conditions necessary for
upland wetlands, vemal pools and surrounding establishing Delta sloughs by constructing
uplands, riparian forests and associated upland setback levees, removing dikes, constricting
areas, perennial grassland, and inland dune scrub, slough openings, and managing flows through
In order to make restoration actions systematic Delta channels.
and cost-effective, specific objectives need to be
established for each of the habitat types, as well as̄ Where consistent with flood control
subsets of them that have distinctive biological objectives, modify vegetation management
characteristics, and then priorities set within each practices along levees adjacent to sloughs to
objective for protection and restoration activities, allow wetland vegetation to reestablish

naturally.
STAGE 1 EXPECTATIONS: A classification
system for Delta, Suisun Bay, Suisun Marsh, and̄ Identify and implement solutions to levee and
San Pablo Bay habitats that can be used as a basis channel island erosion that do not remove
for conservation actions will have been developed, shallow-water habitat, increase water
Specific, numeric objectives should be formulated velocities, or remove overhanging vegetation.
for each habitat type, with restoration objectives
based on clearly stated conceptual models. Within̄ Reduce the adverse effects of boat wakes in
and among habitat types, conservation and sensitive habitat areas by excluding boats
restoration activities should be prioritized. Work from certain areas at certain times and
should begin on those projects given highest establishing maximum speed limits.
priority within a year of adoption of the strategic
plan. ¯ Restore connectivity between high-quality

habitats through cooperative agreements with
The general target for restoration of Delta sloughs land management agencies or through
it to restore 160 miles in the Sacramento-San conservation easements or purchase from
Joaquin Delta Ecological Management Zone and willing sellers.
30 miles of tidal sloughs in the Suisun
Marsh/North San Francisco Bay Ecological¯ Where possible create new slough habitat
ManagementZone. The restoration of Delta where tidal saline and freshwater emergent
sloughs will, in many instances, be closely linked wetlands are created in the Bay and Delta.
to the restoration of tidal perennial habitat, and
fresh and saline emergent marshes. In developing REFERENCES
the approach to habitat restoration, a mosaic of
habitats is verydesirable, including provisions forCowardin, M.L., V. Carter, F. Golet, and E.
increasing the overall linear mileage of Delta LaRoe. 1979. Classification of wetlands and
sloughs, deepwater habitats of the United States. U.S.

Actions that could be taken to improve slough DecemberDepartment1979.°fthe131InteriOr’pp. FWS/OBS-79/31.
habitat in the Delta include the following:

Madrone Associates. 1980. Delta wildlife habitat¯ Protect existing dead-end and open-ended protection and restoration plan. Prepared for
sloughs from possible future degradation
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i
the California Department of Fish and Game
and the U.S. Fish and Wildlife Service.

Moyle, P.B. and J,P. Ellison. 1991. A
conservation-oriented classification system
for the inland waters of California. California
Fish and Game 77(4): 161-180.

Strategic Plan for Ecosystem Restoration. 1999.
Appendix to the CALFED Bay-Delta Program
Environmental     Impact     Statement
/Environmental Impact Report. June 1999.
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I
- �’ MIDCHANNEL ISLANDS AND SHOALS
I

Midchannel islands vary in size, shape, and
elevation, creating a diversity of habitat types and

I associated wildlife benefits. Protecting
midchannel islands and shoals will help improve
the overall quality and diversity of Bay-Delta

I aquatic habitats. Improving the productivity of
the Bay-Delta aquatic habitat foodweb is needed

I N T R O D U CTI O N to support the sustainable production and survival

I of fish.

Midchannel islands and shoals provide unique
remnant shallow-water habitat in many DeltaThe Delta formerly supported broad expanses of

I tule and tule marshes, riparian forests, and shallow-waterchannels.Theytypicallysupport marsh,
to a lesser extent willow scrub, tidal mudflat

habitats. Today, most of these habitats have been

habitats and associated wildlife and fish. Somereplaced by intensive agricultural production on

I midchannel islands have small, remaining riparianlevee-bounded islands. Delta islands are separated

woodlands with oaks, cottonwoods, alders, andby steep-banked waterways, which provide few

willows, shallow-water areas where natural vegetation can

I take root. Natural vegetation is generally limited

Midchannel islands and shoals have beento midchannel islands and a narrow band along
levee edges. In many areas, even this remainingshrinking or disappearing as a result of

progressive erosion of the remaining habitat. Lossband of vegetation has been displaced by bank

of islands and shoals affects fish and wildlife
protection. Cumulative loss of natural vegetation
has a detrimental impact on the Delta’s fish andhabitat, and foodweb productivity. Major factors
wildlife populations.i contributing to the loss ofmidchannel islands and

shoals are gradual erosion from channels
Midchannel islands and shoals in the Delta are theconveying water across the Delta to south Delta

I pumping plants, boat wakes, and dredging withinremnants of naturally occurring islands that

the Delta or on adjacent waters, existed prior to reclamation or are remnants of
natural or old levees. The islands are the
surviving examples of an expansive tule marshI RESOURCE DESCRIPTION with shallow and diffuse channelslargely
separating the stands. Early efforts to convert the

Midchannel islands and adjacent shoals provideDelta islands into agricultural lands included

I shallow-water edge, riparian scrub, and emergentdredging in the vicinity of these islands for
marsh habitats in selected Delta channels. Thematerial to form levees. At first, dredging was
midchannel islands in some Delta locations retainsimple because most of the excavated land was

I many of these qualities because of their relativeintertidal marsh. While converting the marsh to
isolation. In other channels, high water velocities,agriculture lands, naturally meandering channels
heavy use for boating, and associated wave-were straightened, resulting in the creation oftule
induced erosion have degraded these islands,islands. In other areas, the distance between
Many of the Delta channels and their midchannellevees was wide and marsh was left between the
islands and shoals are changing rapidly because oflevees. The sizes of these remainders varied
increased wakes from boats and changes in waterconsiderably.
velocities.
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Midchannel islands and their adjacent shoalsdiversity and connectivity of physical habitats.
present a wide array of physiographic types andThe result of these alterations is a reduction in fish
include a wide variety of habitats. Island habitatsdiversity, a shift in fish trophic structure, and an
range from small tule islands that are essentiallyincrease in temporal variability of fish abundance
freshwater marshlands to large upland sites within water ecosystems.
riparian woodland, dredge spoils, brushland,
ponds, and a variety of marsh types. The terrestrial-aquatic interface experiences

extreme physical-chemical variability when
An important attribute of these islands is theirhydraulic conditions fluctuate. Floodflows are
isolation from mainland activities. Isolation turnsconfined by levees and bank protection structures.
these islands into wildlife refuges during springFluvial energy increases flows that scour and cut
and summer months when recreational use of theinto the midchannel islands and shoals.
Delta is at its peak.

The main concern regarding midchannel islands is
Midchannel islands and shoals provide valuablethe rate at which they are eroding. Midchannel
riverine-edge and shallow-water habitat withinislands are built up by sediment deposition and
main channels. Actual descriptionsofmidchannelreduced by erosion. Reduction of flow or
islands would have to be made on a site-by-sitesediments reduces or halts the rate ofmidchannel
basis, since their physical features depend onisland formation. Some waterways withinthe
parameters such as elevation, size, location, andDelta lack sufficient sediment, .while in other
amount of human disturbance. The island’sareas, erosion exceeds deposition. Lack of
isolation from human disturbance and the amountsediment supply to the Delta causes midchannel
of disturbance to the terrestrial-aquatic interfaceislands and shoals to erode, decreasing both the
determine the value of midchannel islands toquality and quantity of island and shoal habitat.
wildlife, especially listed species. Dredging the shoals immediately adjacent to

channel islands undermines the structural stability
Midchannei islands and shoals are importantof the islands and subjects them to slumping and
components of the landscape and contribute to theincreased erosion. Boat wakes and boat-related
health of the Bay-Delta. Other importantrecreational activities play a large role in the
ecological functions influencing Bay-Delta healthincreased rate of erosion.
include natural sediment supply, aquatic habitat,
nutrient input, and areas of primary and secondary VISION
production. Various life stages and species offish
require a variety of habitats and the ability toThe vision for mid-channel islands and shoals is to
move between habitat patches. Habitat variationsincrease and enhance the area and protect the
and access are important for the reproduction andquality of existing habitat for fish and wildlife
survival of fish in flowing water ecosystems,dependent on the Bay-Delta.
Shallow water habitat in the Delta is
predominantly found along levees, islands, andRestoring midchannel islands is dependent on
shoals. The terrestrial-aquatic interface provideslocal hydrologic conditions (e.g., water depth,
habitat diversity, a large supply of organic matter,water velocity, and wave action). Depositing
and shallow habitats with few aquatic predators,sediment necessary for establishing and
Most Delta-spawning fish spawn in shallow water,maintaining shoals and terrestrial-aquatic

interfaces will help rebuild the islands and reduce
Human activities on stream ecosystems areharmful erosion. Preserving midcharmel island
typically concentrated at the terrestrial-aquaticisolation will protect the islands and shoals from
interface. Shallow water land uses decrease the
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I further damage and allow for natural habitat       techniques for erosion control, land restoration,

i restoration, and revegetation. The Group is presently funded
to conduct demonstration restoration projects on

Direct restoration of midchannel islands andLittle Tinsley and Webb Tract islands.
shoals will be the primary approach to achievingI this vision. The primary method of restoring LINKAGE WITH OTHER
midchannel islands would be to protect and
improve existing channel islands. Restoration ECOSYSTEM ELEMENTS

I should include reconstructing the natural flows
and velocities that provided consistent andMidchannel islands and shoals are linked toother
predictable flows and sediments. Consequently,ecosystem elements including ecological

I sediment supply must be restored to that whichprocesses, habitat, species, and stressors.
formed islands, shoals, and habitat for native fish
and wildlife. Ecological processes include contribution to the

i Bay-Delta aquatic foodweb and natural sediment
Reducing erosion rates and offsetting erosionsupply which helps to maintain channel islands.
losses would reduce the effects of major stressors
on these islands. Reducing boat wakes andMidchannel islands and shoals provide riverine-
excessive channel velocities will allow depositsedge habitat, shallow-water habitat, escape cover
and wetlands to establish, for young fish and wildlife, riparian and riverine

I aquatic habitat, and mudflats. Numerous aquatic

INTEGRATION WITH and terrestrial fish, wildlife, and plant species rely
on the complex array of habitats provided by this

I OTHER RESTORATION type of habitat.

PROGRAMS
Erosion seems to be the major stressor that is

Midchannel islands as described here is veryimpairing the ecological health of this resource.

similar to the channel island designation inThis erosion is a result of wind-driven and boat
wake wave erosion and high channel water

Madrone Associates (1980). velocities.
I The U.S. Army Corps of Engineers and U.S. Fish

and Wildlife Service Deep Water Ship Channel STRATEGIC OBJECTIVES,
I Monitoring Program provided information to TARGETS, AND

successfully design and create wetland habitats in
the Delta. The project deposited dredged spoils to PROGRAMMATIC
create new shallow-water, wetland, and upland ACTIONS
habitats within two flooded islands in the
Sacramento-San Joaquin Delta. The LeveeMidchannel islands and shoals are addressed by

I Subvention Program demonstration projects fortwo Strategic Objectives. One objective addresses
erosion control and habitat establishment ishabitat and the other addresses the physical
another related effort, processes necessary to maintain channel islands.

I          The San Francisco Estuary Project’s Delta In-

Channel Island Work Group has reviewed and

I researched a number of candidate islands for
restoration and investigated available biotechnical
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A
The Strategic Subobjective is characteristics, and then priorities set within each

to increase the area of objective for protection and restoration activities.

midchannel island and shoal
habitat as an integral STAGE 1 EXPECTATIONS: A classification

component of restoring large system for Delta, Suisun Bay, Suisun Marsh, and

expanses of all major historical habitat San Francisco Bay habitats that can be used as a

types in the Delta, Suisun Bay, Suisun basis for conservation actions will have been

Marsh, and San Francisco Bay. developed. Specific, numeric objectives should be
formulated for each habitat type, with restoration
objectives based on clearly stated conceptual

LONG-TERMOBJ==C’nV==: Restore midchannel models. Within and among habitat types,
islands and shoals in the Delta to a substantialconservation and restoration activities should be
fraction of their pre-settlement areas, or to a pointprioritized. Work should begin on those projects
where all at-risk species that depend on thegiven highest priority within a year of adoption of
habitats are no longer at risk. the strategic plan.

SHORT-TERM OBJECTIVE: Develop and begin
implementation of action plans for restoring large A second Strategic Objective is

and significant examples of midchannel islands~ to manage channels in the
and shoals in the Delta.

~                                   Delta and Suisun Marsh in waysthat favor the maintenance of
RATIONALE: All major natural habitat types in - islands and shallow water
the Delta, Suisun Bay, Suisun Marsh, and San habitat.
Francisco Bay have been reduced to a small
fraction of the area they once occupied, resultingLONG-TERM OBJ~:e’rn~: Have large expanses
in a large number of at-risk plant and animalof shallow water habitat, both on the edges of
species and an increased susceptibility of thechannels and on small channel islands, maintained
remaining areas to irreversible degradation (e.g.,by natural processes.
invasion by non-native species). The reduction
trend is continuing and will have to be reversed ifSHORT-TEaM OBJ~:e’nvt=: Set priorities for
self-sustaining examples of these habitats, and thechannels in terms their importance for shallow
diverse organisms they support, are to persist intowater habitat; develop and implement protection
the future. This reversal will require a largestrategies for existing and restored shallow water
number of diverse and localized actions, fromhabitat in those channels; investigate the value of
levee setbacks to land acquisition to bettershallow-waterhabitat in supporting and increasing
management of existing sites. The major habitatabundances of desirable species.
types to be restored include tidal shallow water
habitat, freshwater emergent wetland, channelRATIONALE: There is widespread agreement
islands and associated habitats, tidal sloughs,that more shallow water habitat needs to be
nontidal freshwater emergent wetlands, seasonalcreated in the Delta and that existing shallow
upland wetlands, vernal pools and surroundingwater habitat needs to be maintained. However,
uplands, riparian forests and associated uplandopinions differ on whether creating more habitat
areas, perennial grassland, and inland dune scrub,will actually increase abundance of desirable
In order to make restoration actions systematicspecies. Ecosystem-based restoration is predicated
and cost-effective, specific objectives need to beon this assumption, but adaptive management
established for each of the habitat types, as well asdemands that it be rigorously tested. Staged
subsets of them that have distinctive biologicalimplementation will allow an increase in
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confidence in whether or not habitat restoration in̄ Install structures, such as floating booms, to
the estuary will result in higher abundance of weaken the force of waves to reduce

[] desirable species. Ultimately much of this shallow midchannel erosion in sensitiveareas.
water habitat will be along Delta and Suisun
Marsh channels (recreating some of the original̄ Reduce boat traffic near high qualityI small islands in the midchannel islands.channel-marshsystem)or on

channels. The desirable physical and biotic
characteristics of these habitats may be createdMid-channel islands are important habitat, but

I artificially at first, but the expectation is that theyrestoration cost will be a consideration in
will be maintained by natural processes (e.g., tidaldesigning and implementing restoration actions.
flux, sediment inputs from upstream). This willTo most effectively link the restoration of mid-
require restrictions on human activities in thesechannel islands with adaptive management, a
channels that have negative impacts on theDelta-wide understanding of the value of natural
habitats, such as boating at speeds that generateflows, ~vater velocities, and sediment transport

I erosive wakes or channel dredging, processes need to be well understood. This can be
facilitated by developing conceptual models based

STAGE 1 EXPECTATIONS:    Channels or on our present understanding of the processes that

I channel reaches most suited for restoration andcreate, maintain, or erode channel islands.
protection of shallow water habitats should beLocating areas where sediment accretion is
identified and given priorities for restorationoccurring naturally is vital to restoring channel

I activities. Detrimental human activities in theseislands. Projects in these areas may be cost-
channels should be eliminated through a phasedeffective.
program associated with restoration activities.

I Major studies of the use of shallow water habitats REFERENCES
by native and non-native species should be
undertaken to test the assumption that shallowMadrone Associates. 1980. Delta wildlife habitat

I water habitat is indeed the key to restoring many protection and restoration plan. Prepared for
of the native species, the California Department of Fish and Game

and the U.S. Fish and Wildlife Service.

I The general restoration target for midchannel
islands and shoals is to restore and maintain 50-Strategic Plan for Ecosystem Restoration. 1999.
200 acres of high quality midchannel islands and Appendix to the CALFED Bay-Delta Program

I shoals. Environmental Impact Statement
/Environmental Impact Report. June 1999.

The following actions would help to protect and

i restore channel islands and shoals:

¯ Implement restoration projects currently
proposed in the Delta by resource and

i cooperating agencies.

¯ Develop and implement an inventory andI assessment of existingthe midchannelDelta
islands. Use this information to develop long-
term actions to protect and enhance theI islands.

I ~ ~
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I
| ¯ Saline Emergent Wetland
I have accumulated and groundwater is near the

surface. Most remnant tidal saline emergent

I wetlands are narrow bands along the margins of
San Pablo Bay and Suisun Marsh and Bay.
Extensive relict tidal marshes are associated with

I Cutoff Slough and eastern Hill Slough flank the
Potrero Hills in the north central Suisun Marsh
and are especially unique in that there is a wetland

I continuum from tidal slough through low, middle,
and high marsh zones and into adjacent uplands
which are rich with associated vernal pools.

I                  INTRODUCTION               Land use changes over the past century have
reduced the amount of saline emergent wetland

i Saline emergent wetland habitats are located onhabitat and fragmented what was once nearly
the western edge of the Delta and in Suisun Marshcontiguous habitat. In particular, diking of
on the Bay. Saline emergent wetland habitats,historic wetlands has substantially reduced the

I including brackish and saline wetlands, areamount of tidally influenced saline emergent
important habitats for fish and wildlife that arewetlands. Large areas of nontidal wetlands that
dependent on marshes and tidal shallows. Thiswere created largely by diking for reclamation are

i designation is similar to the Goals Project (1999)present in the Suisun Marsh and Bay areas.
descriptions of tidal marsh which includes tidal
salt marsh and tidal brackish marsh. Saltwater flowing into the Delta was reduced .by

water management in California’s Central Valley.

i The loss or degradation of historic saline Before the development of California’s reservoiremergent
wetlands has substantially reduced the habitat areasystem, saltwater intruded far into the upper Delta
available for associated or dependent fish andduring summer months. This saltwater intrusion

I wildlife species. Several plant and animal speciescreated a seasonally wide range of salinity over a
closely associated with tidal saline emergentlarge portion oftheestuary. Reservoir operations
wetlands have been listed as endangered under theand other water management practices have

I State and federal Endangered Species Acts,reduced saltwater intrusion into the Delta by
primarily as a result of the extensive loss of thisretaining water during winter and releasing water
habitat type. Major factors that limit thisduring summer. Consequently, the area that can

I resource’s contribution to the health of the Deltasupport brackish wetlands has been reduced, and
are related to harmful effects of saline emergentthe area that can support fresh emergent wetlands
wetlands conversion for agricultural, industrial,has increased. Complex water control systems are

I and urban uses. now required in Suisun Marsh to preserve the
largest single area of saline emergent wetland

RESOURCE .DESCRIPTION habitat in California.

i
Saline emergent wetlands were once continuousSaline emergent wetland area and quality have

decreased because of historical conversion tofrom San Francisco Bay into the western Delta.I Saline habitat also is found in low- other uses, and reduced land subject to tidalemergent
elevation areas of the Central Valley where saltsflooding. This habitat has a reduced potential to

I
~ ~°~rx
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maintain populations of many native plant andmaintaining rearing areas for many fish species.
wildlife species. A number of plant species thatConsequently, loss of tidal exchange has greatly
depend on saline emergent wetlands, includingreduced the contribution of saline emergent
Ferris’s milkvetch, soft bird’s beak, palmate bird’swetlands to the Bay-Delta aquatic ecosystem.
beak, narrow-leafgumplant, Suisun Marsh thistle,
heartscale, San Joaquin spearscale, crownscale,The loss of tidal exchange can also affect the
brittlescale, Delta button celery, and hairy bird’sbiochemical balance in the soil-water interface.
beak, have been given special status because ofExcessive accumulation of salt in some soils has
their reduced populations, created conditions unsuitable for plant growth.

Agricultural and other land uses have allowed
More than 25 species of birds and mammals useundesirable non-native plant species to become
saline emergent wetlands in the estuary,established in remaining wetlands. Non-native
Populations of some wildlife species that areplants compete with native plants and change the
heavily dependent on saline emergent wetlands,structure and diversity of the saline emergent plant
such as the endangered clapper rail and salt marshcommunity from historical conditions.
harvest mouse, have been substantially reduced in
the Bay-Delta and designated as special-statusTidal exchange is the primary process that
species. A few wetland-associated species, suchsupports healthy saline emergent wetlands in the
as waterfowl and egrets, have adapted to foragingBay-Delta. Tides flush the wetland system,
on some types of croplands, replacing nutrients and balancing salinity concen-

trations. Changes in the tidal flux and the
Saline emergent wetland also serves as anaccompanying dailyand seasonal salinity changes
important transitional habitat between open waterare critical to habitat functioning. Saline emergent
and uplands. Wildlife species that use tidallywetlands are recognized for their high
influenced areas, such as the salt marsh harvestproductivity, which results from the complex
mouse, have adapted to moving during high tidesinteractions of dissolved nutrients with the saline
to seasonal wetlands and uplands above the salineor brackish water. The process of mixing estuarine
emergent wetlands. Loss of adjacent seasonalfreshwater with tide-driven saltwater is critical for
wetlands and uplands has prevented speciesthe biochemicaltransformations(i.e., carbon and
associated with these intertidal habitat areas fromnitrogen cycles) which support the entire estuarine
t’mding refuge in the higher tidal zone elevations,ecosystem.

Since the turn of the century, an estimated 70,000Human-made stressors negatively affect the health
acres of saline emergent wetland have been lost inof saline emergent wetlands. Controls placed on
the Suisun Marsh and Bay and the west Delta.seasonal inflow of fresh water to the Delta affect
The primary factor causing this loss has beenthe salinity gradient of the estuary. Land use
wetlands conversion to agricultural and other landpractices, primarily those associated with
uses. agriculture, result in the establishment of weedy

plants that displace native, saline-adapted plant
Diking has isolated most of the remaining salinespecies. An associated stressor is the loss of
emergent wetlands from tidal flows. Loss of tidaladjacent native upland habitats, which are used by
flows into and out of the wetlands hassome wildlife species as a temporary refuge when
substantially reduced the exchange of nutrientsescaping high tides. Collectively, these stressors
between these wetlands and tidal aquatichave substantially reduced the habitat quality of
communities. Wetlands receiving tidal flows areremaining saline emergent wetlands. The
highly productive, supporting large numbers ofcombined effect of these actions could eventually
important foodweb microorganisms, and

~ ~C~x^
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I be the elimination of much of the remainingThese protection and restoration needs could be
habitat, met by establishing cooperative efforts between

I government and private agencies. This effort

VISION would coordinate implementation of existing
restoration strategies and plans; develop and

I The vision for this habitat is to increase the implement alternative land management practicestype
area and protect the quality of existing salineon public lands to improve wetland habitat quality

emergent wetlands from degradation or loss.or promote habitat recovery; provide incentives to

I Wetland habitat will be increased to assist in theprivate landowners to implement desirable land

recovery of special-status plant, fish, and wildlifeuse practices; establish additional incentive

populations. Restoration will provide high-qualityprograms to encourage landowners to create and

habitat for other fish and wildlife dependent on themaintain saline emergent wetlands; and protect
existing habitat areas from future degradationBay-Delta.
through acquisition of conservation easements or

I Restoration of saline emergent wetlands wouldpurchase from willing sellers.

focus on protecting and improving important
existing wetlands and restoring wetlands in the | NTEGRATION WITH

I Suisun Marsh/North San Francisco Bay OTHER RESTORATION
Ecological Management Zone. Restoring saline
emergent wetland is dependent on restoring tidal PROGRAMS

I flows, establishing and maintaining healthy
estuarine salinity gradients and reestablishingThe use of saline emergent wetland habitat here is
elevation gradients from open water to uplands, similar to the Goals Project (1999) designation of

I tidal salt marsh and tidal brackish marsh, and
Enhancing and increasing saline emergent wetlandCowardin’s    (1979) emergent wetland
habitat would also help to increase water quality,classification.

I Areas restored to tidal flow will contribute to the
aquatic foodweb of the Bay-Delta and provide fish Efforts to restore fresh emergent wetland habitat
rearing habitat. Restoring saline emergentwould involve cooperation with other wetland

I wetland would improve the ecological value ofrestoration and management programs. These
adjacent associated habitats, including tidalinclude:
aquatic habitats, and will provide an important

I transitional zone between open water and uplands.̄ Suisun Marsh Preservation Agreement,

Other habitat restoration efforts will be directed¯ Natural Resources Conservation Service’s

i toward reestablishing native plant species, Wetland ReserveProgram,
controlling competitive weedy plants, increasing
the quality of adjacent upland habitats to providē Wildlife Conservation Board’sInland
refuge for wildlife during high tides, and Wetlands ConservationProgram,

i modifying land use practices that are incompatible
with maintaining healthy wetlands. Restorinḡ restoration programs administered by Ducks
saline emergent wetlands would be coordinated Unlimited and the California Waterfowl

I with restoration of other habitats to increase Association,
overall habitat values. For example, saline
emergent wetland greatly increases wildlifē ongoing management of State and federal

I habitat quality of deep and shallow open-water wildliferefugesandprivateduckclubs,
areas and adjacent grasslands.
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¯ and the San Francisco Bay Area Wetlandsquality of the adjacent types of habitats. A variety
Ecosystem Goals Project. of aquatic and terrestrial fish, wildlife and plant

communities depend on healthy saline emergent
Proposed ERPP targets are intended to bewetlands. These include numerousplantspecies
consistent with wetland habitat goals identified byand the salt marsh harvest mouse.
the San Francisco Bay Area Wetlands Ecosystem
Goals Project. Agencies or organizations withSaline emergent wetland are impaired by reduced
responsibility or authority for restoring wetlandseasonal inflow of fresh water, land use and loss
and aquatic habitats will be asked to cooperate,of upland habitat, and introduction and
These include: proliferation of invasive salt marsh plant species.

¯ U.S. Bureau of Reclamation, STRATEGIC OBJECTIVE,
¯ California Department of Water Resources, TARGETS AN D

PROGRAMMATIC
¯ California Department ofFish and Game,                      ACTIONS

¯ U.S. Fish and Wildlife Service,
Saline emergent wetland habitat is addressed in

¯ California Coastal Conservancy, two strategic objectives. One addresses freshwater
marshes and the other address restoring large

¯ San FranciscoBay Area Conservancy expanses of all major habitats in the Delta, in
Program, Suisun Bay, Suisun Marsh, and San Francisco

Bay.
¯ San FranciscoBay Conservationand

Development Commission,~                     ~ The Strategic Subobjective is

to increase the area of tidal
¯ San Francisco Bay Joint Venture, saline emergent wetland

, habitat (both brackish and
¯ San Francisco Bay Regional Water Quality salt) as an integrated

ControlBoard, component of restoring large expanses of
all major historical habitat types in the

¯ and the Delta Protection Commission, Delta, Suisun Bay, Suisun Marsh, and San
Francisco Bay.

LINKAGE WITH OTHER
ECOSYSTEM ELEMENTS LONG-TERM OBJECTIVE: Restore saline

emergent wetlands in the Delta, Suisun Bay,

Saline emergent wetlands are linked to otherSuisun Marsh, and San Francisco Bay to a

ecological elements in the Bay. Tidal exchange issubstantial fraction of their presettlement areas, or

an important ecological function that restores theto a point where all at-risk species that depend on

proper salinity and nutrient balance and mixedthe habitats are no longer at risk.

freshandestuarinewaters.
SHORT-TERM OBJECTIVE: Inventory and

Saline emergent wetlands are closely linked toprioritize for restoration diked former tidal marsh

open water areas and upland habitats. The valuesites, develop techniques for restoration through

of each habitat is increase by the presence andimplementation of pilot restoration projects, and
begin implementation of large-scale manipulations
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I of high priority areas, especially in the Suisunlarge-scale manipulations of high-priority areas,
Marsh. especially on Delta islands.

I RATIONALE: Tidal wetlands are a diverse group RATIONALE." Tidal wetlands are a diverse group
of habitats included under Objective 1 and 2 inof habitats included under Objectives 1 and 2 in

I this series. However, they merit additionalthis series. However, they merit additional
attention beyond those objectives because theirattention beyond those objectives because their
restoration is urgently needed for the benefit ofrestoration is urgently needed for the benefit of

I many species. They also represent, by acreage,many species. They also represent, by acreage,
some of the largest restoration projects that aresome of the largest restoration projects that are
likely to be attempted in the system. Restorationlikely to be attempted in the system. Restoration

i of tidal marshes in the Suisun Marsh and Sanof tidal marshes in the Delta in particular will
Pablo Bay in particular will require innovation andrequire major effort and innovation, because so
a concerted and collaborative effort with existingmany of the islands that could be restored to tidal

I landowners, because restoration of tidal action tomarsh now have elevations considerably below
one parcel may result in special leveesea level. If flooded, they will be too deep for
rehabilitation needs on adjacent lands and becausemarsh restoration at present.    Therefore,

I successful restoration of natural marsh buildingrestoration will require large-scale pilot projects to
processes requires careful consideration of anyfind ways to restore marsh lands to such islands.
potential site’s elevation, topography, and

i geomorphology. Therefore, restoration willSTAGE 1 EXPECTATIONS’- Ongoing efforts to
initially requirepilotprojectstoensurethe successrestore large expanses of tidal marsh should
of larger scale tidal restoration projects, continue and experimental pilot projects to restore

tidal marshes to Delta islands should beI STAGE 1 EXPECTATIONS: Ongoing efforts to undertaken.
restore large expanses of tidal marsh should
continue and experimental pilot projects to restoreThe general target for saline emergent wetland isI tidal marshes in the Suisun Marsh and to restore to 1 in the Suisunto areas 7,000 1,000 acres
San Pablo Bay should be undertaken. Marsh/North San Francisco Bay Ecological

Management Zone.

I A second Strategic Objective

~ is to increase the area of tidal The following actions would help achieve saline

marsh (freshwater, brackish, emergent wetlands restoration:

I salt) by removing or
breaching levees (opening ¯ restore tidal flows to diked wetlands by

them to tidal action) and by increasing the breaching dikes in suitable areas;

I elevation of subsided, leveed former
marsh. ¯ establish desirable estuarine salinity gradients

by managing water diversions and water

I releases from upstream reservoirs to control
LONG-TERM OBJECTIVE: Restore the amount seasonal freshwater inflows to the Delta;
and diversity of tidal wetlands to the level that

i existed in 1906 or similar reference date. ¯ balance seasonal flows from reservoirs for
fisheries, water conveyance, flood control,

SHORT-TERM OBJECTIVES." Inventory and and the needs of other habitats; and

I prioritize for restoration diked, former marsh sites
and develop techniques for restoration through

I
~ ~
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¯ restore a more natural elevation gradient in
wetlands to allow a greater diversity of native
saline plant species, including special-status
species, that are adapted to different
elevations and provide a broader range of
habitats for wildlife.
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I
FRESH EMERGENT WETLAND

I
RESOURCE DESCRIPTION

! Over the past 150 years, more than 300,000 acres
of fresh emergent wetlands have been lost in the

I Sacramento-San Joaquin Delta Ecological
Management Zone. Less than 15,000 acres
remain.

! Prior to the mid-1800s, extensive areas of fresh
emergent habitat occurred throughout the Central

I Valley, particularly in the Delta. A complex
network of rivers, sloughs, and channels
connected low islands and basins that supported a

i diverse and dense variety of freshwater emergent
vegetation. This freshwater emergent vegetation
supported a diversity of fish and wildlife species
and ecological functions.

I                  INTRODUCTION               Vast areas of the Sacramento-San Joaquin Valley

were commonly flooded in winter by a slow-
I Most fresh emergent wetlands in the Delta occurmoving blanket of silt-laden water. Flood control

as narrow, fragmented bands. These fragmentedactivities and land settlements in the late 1800s
wetlands appear along island levees, channeland early 1900s led to the development of leveed

I islands, shorelines and levee blowout ponds.Delta islands. Levees and other land uses led to
Small areas of nontidal fresh emergent wetlandsthe loss of fresh emergent wetlands in the Delta.
exist on Delta islands. These Delta islandLoss of wetlandshas substantially reducedhabitat

I wetlands are primarily associated with agriculturalfor wetland wildlife species in the Bay-Delta
infrastructure (e.g., drainage ditches), leveesystem. Fresh emergent wetland losses have also
blowout ponds, and areas managed for wetlandssubstantially reduced the area available for the

I (e.g., duck clubs), biological conversion of nutrients in the Delta.
The Delta contains insufficient wetland area to

Tidal and nontidal fresh emergent wetland habitatsprovide adequate levels of nutrient transformation,

I are important habitat areas for fish and wildlifewhich results in lower quality water in San
dependent on marshes and tidal shallows andFrancisco Bay.
support several special-status plant species. The

I loss or degradation of historic fresh emergentThe loss of fresh emergent wetlands has
wetlands has substantially reduced the habitat areasubstantially reduced the habitat of several plant
available for associated fish and wildlife species,and wildlife species. Some species being

I Major factors that limit this resource’sdesignated as California or federal special-status
contribution to the health of the Bay-Delta areand threatened with local extermination. At least
related to adverse effects of wetlands conversioneight plant species, Suisun Marsh aster, California

I to agricultural, industrial, and urban uses. hibiscus, bristly sedge, Jepson’s tule pea, Mason’s
lilaeopsis, marsh mudwort, Sanford’s arrowplant,

I
~ oz~D
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and marsh scullcap, are endemic to the Delta.vegetation and prevent the natural reestablishment
Most of these plants are adapted to a complex tidalof fresh emergent wetlands in some locations.
cycle and are typically found with more common
vegetation such as rule, cattails, common reed, andWind, boat-wake waves, and high water velocities
a great diversity of other herbaceous plant species,in confined channels actively erode the soil
Changesin habitat conditions have allowed the needed to support remnant fresh emergent
invasion of hundreds of non-native weedy plantwetlands. Continued erosion of existing habitat,
species. Some of these species, such as watersuch as midchannel islands and levees and levee
hyacinth, now clog waterways and irrigationberms, is currently the primary cause of habitat
ditches and reduce overall habitat quality forloss in the Delta.
native plants and wildlife.

Over 50 species of birds, mammals, reptiles, and
VISION

amphibians use fresh emergent wetlands in theThe vision is to increase the area and improve the
Delta.Populationsof wildlifesome speciesthat quality of existing fresh emergent wetlands from
are closely dependent on fresh emergent wetlands,degradation or loss and increase wetland habitat.
such as the California black rail, giant garterAchieving this vision will assist in the recovery of
snake, and western pond turtle, have beenspecial-statusplant, fish,and wildlife populations,
substantially reduced in the Delta and designatedand provide high-quality habitat for other fish and
as special-status species. A few wetland-wildlife dependent on the Bay-Delta.
associated species, such as waterfowl and egrets,
have successfully adapted to foraging on someRestoration of fresh emergent wetlands would
types of Delta croplands converted from historicfocus on protecting and improving important
wetland areas, existing wetlands, such as channel islands, and

restoring wetlands in the Sacramento-San Joaquin
Isolating wetlands from tidal flows and removingDelta and Suisun Marsh/North San Francisco Bay
Delta island fresh emergent wetlands changed theEcological Management Zones.
ecological processes that support wetlands.
Removing the perennial water and vegetationTo prevent further loss of existing fresh emergent
from the organic soils of Delta islands resulted inwetlands erosion rates must be reduced.
soil oxidation and, subsequently, the subsidence ofInchannel islands and levee berms are of
the interior islands. Loss of these tidal flow toparticular concern. Erosion losses could be offset
islands has reduced habitat for native species ofby allowing deposition and wetland establishment.
fish, plants, and wildlife; reduced water quality;Wetlands erosion could be reduced by reducing
and decreased the area available for floodwaterboat speeds where wetlands are subject to boat-
dispersion and suspended silt deposition, wake-induced erosion (e.g., Snodgrass Slough).

Constructing protective structures around eroding
High water velocities in confined Delta channelschannel islands would weaken wave action (e.g.,
continue to erode remaining fresh emergentwave barriers and riprap groins) in a way that
wetland at a greater rate than habitat formation,retains habitat value for fish and wildlife.
Continued erosion reduces the amount of freshProtecting inchannel islands from further erosion
emergent habitat changes the elevation of the land.and connecting with larger islands would provide
Elevation affects the types of plant species thatgreater protection for this unique habitat.
can grow depending on a species’ ability to
tolerate flooding. Flood protection and leveeRestoring fresh emergent wetland is dependent on
maintenance continue to impair wetlandlocal hydrological conditions (e.g., water depth,
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water velocity, and wave action); land elevationmanaged marsh, Madrone Associates (1980)
and slope; and the types and patterns of sedimentdescription of freshwater marshes, Moyle and
deposition. The approach to restoring freshEllison’s (1991) description of valley marsh, and
emergent wetlands would include: Cowardin’s (1979) designation of emergent

wetland.
¯ reestablishing the hydraulic, hydrologic, and

depositional processes that sustain freshEfforts to restore fresh emergent wetland habitat
emergent wetlands and inchannel islands; would involve cooperating with other wetland

restoration and management programs. These
¯ restoring a full spectrum of wetland elevationsinclude:

to allow the establishment of a greater
diversity of plant species, including special-̄ Agricultural Stabilization and Conservation
status species adapted to different elevations Service’s Wetland Reserve Program,
within the tidal or water (nontidal sites)
column; and ¯ Wildlife Conservation Board’sInland

Wetlands Conservation Program,
¯ providing a broader range of habitats for

wildlife. ¯ restoration programs administered by Ducks
Unlimited and the California Waterfowl

Restoration of fresh emergent wetlands would be Association,
coordinated with restoration of other habitats to
increase overall habitat values. Restoration would̄ and ongoing management of State and federal
also include reestablishment of the full diversity of wildlife refuges and private duck clubs.
fresh emergent wetland plant associations to
ensure that the habitat needs of special-status andRestoration efforts would be conducted in
other species that are dependent on specificcooperation with agencies or organizations with
vegetation associations are met. responsibility or authority for restoring wetland

and aquatic habitats, including:
Protecting and restoring fresh emergent wetlands
could be accomplished by implementing elements̄ California Department of Fish and Game,
of existing restoration plans such as Central
Valley Habitat Joint Venture; expanding State and̄ California Department of Water Resources,
federal wildlife areas to create additional wetland
complexes; improving management of existinḡ U.S. Fish and Wildlife Service,
and restoring additional fresh emergent wetlands
on private lands; and reestablishing connectivitȳ U.S. Army Corps of Engineers,
between the Delta and Delta islands, and between
channels with their historic floodplains. ¯ and the Delta Protection Commission.

INTEGRATION WITH LINKAGE WITH OTHER
OTHER RESTORATION ECOSYSTEM ELEMENTS

PROGRAMS
Fresh emergent wetlands are linked to other

Fresh emergent wetland habitat use here is similar      ecological elements in the ERPP study area. This
to the Goals Project (1999) designation oftype of habitat contributes to the aquatic foodweb

by supporting nutrient transformation. Fresh
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emergent wetland also provides habitat for manyi~o~a~E: All major natural habitat types in
wildlife and plant species. Some of these arethe Delta, Suisun Bay, Suisun Marsh, and San
designated Califomia or federal special statusFrancisco Bay have been reduced to a small
species, fraction of the area they once occupied, resulting

in a large number of at-risk plant and animal
Stressors that have reduced the extent of freshspecies and an increased susceptibility of the
emergent wetlands include flood protectionremaining areas to irreversible degradation (e.g.,
practices, levee construction, and the loss of tidalinvasion by non-native species). The reduction
flow. Increased water velocities in Delta channelstrend is continuing and will have to be reversed if
causes erosion of wetlands and changes theself-sustaining examples ofthese habitats, andthe
elevation of the land. Wind and boat wakediverse organisms they support, are to persist into
erosion also contribute to the loss of soil needed tothe future. This reversal will require a large
support fresh emergent wetlands in areas wherenumber of diverse and localized actions, from
midchannel islands and levee berms are present,levee setbacks to land acquisition to better

management of existing sites. The major habitat

STRATEGIC OBJECTIVE, types to be restored include tidal shallow water
habitat, freshwater emergent wetland, channel

TARGETS, AND islands and associated habitats, tidal sloughs,

PROGRAMMATIC nontidal freshwater emergent wetlands, seasonal
upland wetlands, vernal pools and surrounding

ACTIONS                    uplands, riparian forests and associated upland
areas, perennial grassland, and inland dune scrub.

A
The Strategic Objective is to In order to make restoration actions systematic
increase the area of tidal fresh and cost-effective, specific objectives need to be
emergent wetland habitat as established for each of the habitat types, as well as
an integral component of subsets of them that have distinctive biological
restoring large expanses of all characteristics, and then priorities set within each

major historical habitats in the Delta, objective for protection and restoration activities.
Suisun Bay, Suisun Marsh, and San
Francisco Bay. STAGE 1 EXPECTATIONS: A classification

system for Delta, Suisun Bay, Suisun Marsh, and
San Francisco Bay habitats that can be used as a

LONG-TERM OBJEC’nVE: Restore fresh basis for conservation actions will have been
emergent wetlands in the Delta, Suisun Bay,developed. Specific, numeric objectivesshouldbe
Suisun Marsh, and San Francisco Bay to aformulated f or each habitat type, with restoration
substantial fraction of theirpre-settlementareas,objectives based on clearly stated conceptual
or to a point where all at-risk species that dependmodels. Within and among habitat types,on the habitats are no longer at risk.

conservation and restoration activities should be
prioritized. Work should begin on those projectsSHORT-TERM OBJECTIVE’- Inventory and given highest priority within a year of adoption of

prioritize for restoration diked former tidal marshthe strategic plan.
sites, develop techniques for restoration through
implementation of pilot restoration projects, andThe overall target for fresh emergent wetlands is
begin implementationoflarge-scale manipulations

to restore or recreate 30,000- to 45,000 acres inof high-priority areas, especially on Delta islands.
the Sacramento-San Joaquin Delta Ecological
Management Zone.
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Actions that would help restore fresh emergentRestoration of stream meander belts and the
wetlands include: process of overbank flooding along major

tributaries to the Bay-Delta as proposed in the
¯ Setbacks or breaches of island levees to allow ERPP in other ecological management zones will

water flows to reestablish wetlands with also create the conditions necessary for the natural
improved but limited ecological functions, reestablishment of fresh emergent wetlands

elsewhere in the Central Valley.
¯ Increase land elevations in the interior of

Delta islands where subsidence has lowered RI=FI=RI=NCI=S
land elevations below tidal emergent wetlands

Cowardin, M.L., V. Carter, F. Golet, and E.¯ Use substrate materials to create levee berms LaRoe. 1979. Classification of wetlands and
at elevations necessary for fresh emergent deepwater habitats of the United States. U.S.
vegetation Department of the Interior. FWS/OBS-79/31.

¯ Modify, where consistent with flood control pp. December1979. 131

objectives, levee vegetation managementGoals Project. 1999. Baylands Ecosystem Habitat
practices to allow wetland vegetation to Goals. A report of habitat recommendations
naturally reestablish, prepared by the San Francisco Estuary

Baylands Ecosystem Goals project. U.S.¯ Reintroduce native wetland plants into
Environmental Protection SanAgency,

suitable sites.                                    Francisco and San Francisco Bay Regional
Water Quality Control Board. Oakland,

These protection and restoration strategies could California.
be implemented by:

Madrone Associates. 1980. Delta wildlife habitat¯ establishing cooperative efforts between protection and restoration plan. Prepared for
government and private agencies to the California Department of Fish and Gamecoordinate the efficiency of implementing and the U.S. Fish and Wildlife Service.
existing restoration strategies and plans;

Moyle, P.B. and J.P. Ellison. 1991. A¯ developing and implementing alternative land conservation-oriented classification system
management practices on public lands to for the inland waters of California. Californiapromote          Fish and Game 77(4): 161-180.improvewetlandhabitatqualityor
habitat recovery, and provide incentives to
private landowners to implement desirable      Strategic Plan for Ecosystem Restoration. 1999.

Appendix to the CALFED Bay-Delta ProgramlandUSepractices;

¯ establishing additional incentive programs to
Environmental Impact Statement

landowners to establish and
iEnvironmentallmpactReport. June 1999.

encourage
maintain fresh emergent wetlands; and

¯ protecting existing habitat areas from
potential future degradation through
acquisition of conservation easements or
purchase from willing sellers.
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!
� SEASONAL WETLANDS

related to adverse effects of land conversion, and
substantial reductions in seasonal overbank

I flooding.

RESOURCE DESCRIPTION

Vemal pools and wet meadows are associated
with soils (basalt flow, claypan, hardpan, volcanic

I ash-flow, volcanic mudflow, andmesa, plateau)
that maintain standing water after winter and
spring rains. In some areas of the Central Valley,

I high spring flows from the rivers and creeks
INTRODUCTION saturate soils. Seasonal wetlands are created when

puddles or small ponds form in depressions or

i Bay-Delta seasonal wetlands include vernal pools,standing water remains in low-lying grass fields
wet meadows or pastures, lands that are seasonallyafter river flows recede. Although aquatic plants
flooded, federal refuges, privately ownedcan establish in areas that are frequently flooded,

I waterfowl hunting clubs, and privateupland plants cannot survive.
environmental refuge lands, and seasonally
flooded areas within a stream course or itsWet meadows are grassy areas with saturated soils

I floodplain. Historically, seasonal wetlandsand standing water of varying depths that remain
occurred throughout the Central Valley. Vernalafter winter and spring rains end. This habitat is
pools and wet meadows are probably bestconducive to the production of invertebrates.

I described asspecializedcomponentsofterrestrialInvertebrates are the main food source of
habitats. The remaining seasonal wetlandtypesmigrating waterfowl and other birds that
are flooded for periods that are too long to supportperiodically forage in these fields. Sandhill cranes

I characteristic upland vegetation, forage and roost, and many ducks, geese, and
shorebirds also commonly forage in wet meadows

Seasonal wetlands and aquatic habitats arethroughout the valley. During the dry seasons,
important habitat areas for many species of fishmany ground-nesting birds, such as pheasants and
and wildlife. Loss or degradation of historicmeadowlarks, nest in meadow grasses. Most wet
seasonal wetlands has substantially reduced themeadow habitat remaining in the Central Valley,

i habitat area available for waterfowl, shorebirds,now composed almost entirely of non-native
and other wildlife. The loss of seasonal aquaticgrasses, is used as pasture for livestock.
floodplain habitat has substantially reduced refuge

i habitat for fish and spawning habitat for theVernal pools are often referred to as hog wallows
Sacramento splittail. Loss of vernal poolsor ponds. These pools are common in grasslands
seasonally flooded shallow areas, in particular, hasin northern Central Valley where the natural

i directly resulted in the listing of several species asgeomorphology remains relatively unchanged.
threatened or endangered under the federalMany State- and federally listed plants (including
Endangered Species Act. vernal pool plants), invertebrates, and wildlife,

including the western spadefoot toad, California
Major factors of tiger salamander, various fairy shrimp, arethatlimitthecontribution this and
habitat type to the health of the Bay-Delta arenative to or associated with vernal pools. In

I
~ cta~’m
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!
addition, a variety of birds, including migratinḡ establishment of non-native species that have "
waterfowl, shorebirds, and ground-nesting birds an adverse effect on native wetland plants and
such as meadowlarks, commonly use seasonal wildlife, I
wetlands habitat.

¯ flood control and water supply infrastructure
Seasonal wetlands play a vital role in the natural that reduces overbank flooding and floodplain ~
succession of plant communities. Seasonal size, and
wetlands that maintain surface water for long
periods may support cattails, bulrushes, and̄ reduction of the natural underground water I
sedges. Historically, these emergent plant species table that supported wetlands.
were probably prevalent along natural stream
courses where long-standing water reduced theExisting wetland regulations have been in effect ~
ability of upland species to establish. These typesfor several years in an attempt to prevent the
of wetlands provide the essential building blocksfurther loss of wetlands. The protected status of
for the future establishment of riparian scrub andwetlands has resulted in an extensive permitting~
eventually riparianwoodland. Beyond thenormalprocess for construction in wetland areas.
river flows, wetlands probably formed where rains Mitigation measures have been developed to
and high flows left areas too wet for terrestrialoffset loss of existing wetlands as a result of 1
plants to establish. These wetland areas providedconstruction activities. These efforts have slowed
high-qualityhabitat for waterfowl, other migratorythe rate of wetland loss in many areas. Large-
birds, shorebirds, red-legged frogs, giant garterscale efforts in areas such as the Suisun Marsh, ¯
snakes, tricolored blackbirds, and many otherGrasslands Resource Conservation District, Yolo
wildlife species. Bypass, and Butte Sink have been successful in

maintainingandrestoringseasonalwetlands.
The continued existence of these seasonal wetland i
types is closely linked to overall ecosystem VISION
integrity and health. Although many species that ¯
use seasonal wetlands are migratory (e.g.,The vision is to increase the area and improve the |
waterfowl and sandhill cranes), many others havequality of seasonal wetlands by restoring
evolved (e.g., spadefoot toad, fairy shrimp, andecosystem processes that sustain them and reduce¯
many specialized plants) and adapted to seasonalthe effect of stressors that can degrade the quality
wetlands, of seasonal wetlands in order to assist in the

recovery of special-status plant and animal
IThe extent and quality of seasonal wetlands haspopulations and provide high-quality habitat for

declined because of cumulative effects of manywaterfowl, water birds, and other . wildlifefactors, including: dependent on the Bay-Delta.
I

¯ modification of natural geomorphology suchRestoration of seasonal wetlands will focus on
as ground leveling for agriculture and      protecting and improving important existing         ¯
development, wetlands, reestablishing vernal pools within and |

adjacent to existing ecological reserves, and
¯ adverse effects of overgrazing, restoring seasonal wetlands in the Sacramento-San ¯

Joaquin Delta and Suisun Marsh/North San
¯ contamination from herbicides, Francisco Bay Ecological Management Zones.

Seasonal wetland restoration will be coordinated ¯
with restoration of other habitats, including |
shallow-water and riparian woodland and scrub.
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Restoration would include reestablishment of the LI N KAGE WITH OTH Ell
full diversity of seasonal wetland plant
associations to ensure that the habitat needs of ECOSYSTEM ELEMENTS
special-status and other species that are dependent
on specific vegetation associations are met. The description of seasonal wetland here is similar

Goals Project (1999)to the description of
poolINTEGRATION WITH             grassland/vernal       complex, Moyle and

Ellison’s (1991) floodplain pool and vernal pool
OTHER RESTORATION classifications, Madrone Associates (1980,)

PROGRAMS description of vernal pools, and Cowardin s
(1979) classifications for seasonally flooded and

Efforts to restore seasonal wetlands would involveintermittently flooded wetlands.

cooperation with other restoration programs,
including: Seasonal wetlands are linked to other ecosystem

elements in the ERP Study Area. Seasonal

¯ Upper Sacramento River Fisheries andwetlands include wet meadows or seasonally

Riparian Habitat Council, flooded pastures, vernal pools, and federal, State,
and privately owned refuges and hunting clubs.

¯ Suisun Marsh Protection Plan, This habitat supports many species and
communities of wildlife and plants.

The health and extent of seasonal wetlands is
CaliforniaDepartmentof Fish and Game
wildlife areas,

adversely influenced by land use, herbicide

¯ U.S. Fish and Wildlife Service refuges, application, proliferation of non-native plant
species, flood control practices, and lowering of

¯ Jepson Prairie Preserve, ground water tables.

¯ Ducks Unlimited Valley Care Program, STRATEGIC OBJECTIVES,

¯ California Waterfowl Association,
TARGETS, AND

PROGRAMMATIC
¯ Cache Creek Corridor Restoration Plan, ACTIONS
¯ The Nature Conservancy,

i~-.~k to protect existing and restore¯ Putah Creek South Fork Preserve,                I ~’~, increase
the area of

seasonal wetland habitat as an¯ Woodbridge Ecological Reserve,
integrated component of

¯ Yolo County Habitat Conservation Plan, and restoring large expanses of all major
historical habitat types in the Delta, in

¯ Central ValleyHabitatJointVenture. Suisun Bay, Suisun Marsh, and San
Francisco Bay and other areas of the
Central Valley.

LONG-TERM OBJECTWE: Restore, protect and
manage, throughout the watershed, multiple large

~ ~
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areas of seasonal wetlands in association withSTAGE 1 ~X.PECTATIONS: Several large
other aquatic, wetlands, and riparian habitat typesseasonal wetland projects will be initiated in the
in the Central Valley and its rivers to a pointDelta. At least two of the projects will be
where the wintering needs of waterfowl andassociated with floodplain process restoration
shorebirds are met and all at-risk species thatprojects. At least two projects will be associated
depend on the habitat are no longer at risk. with restoring seasonal wetlands in heavily

subsided areas where land elevations are too low
SHORT-TERM OBJECTIVE’. Conserve the best to support actions to restore aquatic habitat.
examples of seasonal wetlands, particularly in the
Bay-Delta, begin implementation of action plansThe general target for seasonal wetland habitat is
for restoring significant, large areas of seasonalto restore 30,000 acres in the Sacramento-San
wetland. Joaquin Delta Ecological Management Zone and

1,000-1,500 acres in the Suisun Marsh/North San
RATIONALE’- Restoring seasonal wetlands inFrancisco Bay Ecological Management Zone.
combination with other wetland habitat types will
help restore and maintain the ecological health ofThe following actions would help protect and
aquatic and terrestrial resources in the Delta andrestore seasonal wetlands:
other areas of the Central Valley. Foodweb
processes will be supported and the effects of̄ implement existing restoration plans;
contaminants reduced. Seasonal wetlands will
provide high quality foraging and resting habitat̄ expand State and federal wildlife areas to
for wintering waterfowl, greater sandhill cranes, create additional wetland complexes;
and migratory and wintering shorebirds.
Restoration of seasonal wetlands will occur as ā improve management of existing wetlands
by product of restoring floodplain processes in a and restore seasonal wetlands on private
manner that improves spawning habitat for fish lands; and
species such as splittail while avoiding concurrent
increa,ses in non-native predatory fish.̄ reconnect channelized streams and rivers with
Furthermore, restoring other wetland habitats in their historic floodplains.
the Delta, such as tidal emergent wetland and tidal
perennial aquatic habitat, can reduce habitatThe following actions would help implement
values for species such as waterfowl and the Stateprotection and restoration strategies:
listed greater sandhill crane. Increasing seasonal
wetlands in the Delta will ensure that any adversē establish cooperative efforts between
impacts associated with those habitat losses will government and private agencies to
be fully mitigated, coordinate the efficiency of implementing

existing restoration strategies and plans;
Each habitat, including seasonal wetlands,
supports a different assemblage of organisms and̄ develop and implement alternative land use
quitelikely of the invertebrates and plants practices that will protect grasslandsmany
are still unrecognized as endemic forms. Thus containing vernal pools and wet meadows and
systematic protection of examples of the entire allow existing, compatible land uses, such as

of habitats in the region provides some grazing, to continue;array
assurance that rare and unusual aquatic organisms
will also be protected, preventing contentious̄ develop and implement alternative land
endangered species listings, management practices on public lands to

improve seasonal wetland habitat quality or

~ ~
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I
promote habitat recovery, and provide       Moyle, P.B. and J.P. Ellison. 1991. A
incentives to private landowners to implement conservation-oriented classification system
desirable land use practices; for the inland waters of California. California

Fish and Game 77(4): 16 l- 180.
¯ establish additional incentive programs to

I encourage landowners to establish and Strategic Plan for Ecosystem Restoration 1999.
maintain seasonal wetlands; Appendix to the CALFED Bay-Delta Program

Environmental     Impact     Statement/

I ¯ protect existing habitat areas from potential Environmental Impact Report. June 1999.
future degradation through acquisition of
conservation easements or purchase from

i
willing sellers; and

¯ set back or breach levees and dikes to create

I the hydrologic conditions necessary for
establishing seasonal wetland vegetation.

i Restoration of stream meander belts and the
process of overbank flooding along major Bay-
Delta tributaries proposed in the ERP in other

I ecological management zones will also create the
conditions necessary for the natural
reestablishment of seasonal wetlands elsewhere in

i the Central Valley.
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|
¯ RIPARIAN AND RIVERINE

| AQUATIC HABITATS

i germination, move sediment, stimulate stream
meander, and flood and scour riparian and riverine
habitat.

I Natural stream channel meanders (often termed
"meander belts") provide healthy, high-quality

i riparian and riverine aquatic habitats.
Channelizing rivers (e.g., constructing levees),
protecting banks (e.g., adding riprap), and channel
dredging hinder natural stream meander and

I natural river channel morphology.

i Natural sources of gravel and other sediments
along rivers and floodplains provide materials

INTRODUCTION needed to create and sustain healthy riparian and
riverine aquatic habitats. Where improvement to

i Habitats associated with shorelines of rivers andphysical processes not adequately restoredo
the Delta include riparian and shaded riverine      riparian and riverine habitats, direct modification

I aquatic habitat. Riparian vegetation includesmay be necessary to restore habitats to their target

scrub, woodland, and forest habitats that supportacreage and quality.

a great diversity of wildlife species. Riverine
aquatic habitat shaded by riparian vegetation, isA major increase in floodplain riparian habitat will

I important habitat for many species of fish,contributesediment andnutrient to the riversand

estuaries. It will also improve the foodweb, andwaterfowl, and wildlife,
provide critical habitat for threatened and

I endangered terrestrial wildlife species, such as theMajor factors that limit these habitats’
contribution to the health of the Bay-Delta includeyellow-billed cuckoo and Swainson’s hawk.

historic riparian vegetation loss or degradation andMore extensive and continuous riparian forest

i canopy on the banks of estuaries and rivers willnear-shore aquatic habitat alteration from
channelization, stabilizationofchannel banks withstabilize channels; help to shape submerged

riprap, construction of levees, and control ofaquatic habitat structure; benefit the aquatic

I flows, environment by contributing shade, overhead
canopy, and instream cover for fish; and reduce
river water temperature. More extensive andRestoring riparian and riverine aquatic habitats

will involve natural      continuous shoreline vegetation associated withreactivating improvingor
physical processes. Natural streamflows, streamwoody debris (branches and root wads) and leaf

and insect drop in shallow aquatic habitats willmeanders, and sediment transport create and

I sustain these habitats and increase the complexityincrease the survival and health of juvenile

and structural diversity of the habitat. Naturalsalmonids, resident Delta native fishes, and
introduced resident fishes. Achieving thisstreamflow patterns help sculpt healthy riparian

I and riverine aquatic habitats. High winter andobjective will also greatly enhance the scenic

spring flowstrigger seed dispersal and

I ~ ~
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J
quality and recreational experience of our Deltastreams that caused additional riparian and
and riverine waterways, riverine habitat loss and fragmentation.

RESOU RCE DESCRIPTION Riverine aquatic habitats comprise the relatively
shallow submerged and seasonally flooded areas
in estuary and river channel beds. Channel bedsRiparianhabitatsincludethetrees,shrubs,vines,

herbaceous undergrowth, and organic material andcontain gravel beds, bars, and riffles; transient

snags along estuaries. These habitat elementssandy shoals; waterlogged woody debris piles; and
the shadedriverineaquatichabitat Thecombine to create the complex variety of species zone.
shaded riverine aquatic habitat is located where

mixes, age classes, and distribution patterns
common to shoreline vegetation. The landformsthe river meets the riparian canopy. Riverine

aquatic zones provide spawning substrate, rearingand changing fluvial stream flow patterns
and escape cover, feeding sites, and refuge fromprocesses that create and interact with riparian

vegetation are also an important but oftenturbulent stormflows for fish and other aquatic
organisms.

overlooked part of the habitat.

Historically, the Central Valley floor hadThe condition ofriverine aquatic and nearshore

of riparian habitats is not well documented for most ofapproximately922,000 acres
vegetation (Katibah 1984) supported by a Central Valley and Delta estuaries, rivers, and

streams. The condition of these habitats has beenwatershed of more than 40,000 square miles.
Today, approximately 100,000 acres of riparian degraded by channel straightening; channel

forest remain. About half of this riparian habitatincising; channel dredging and clearing; instream

is in a highly degraded condition, representing agravel mining; riparian zone grazing; flow

decline of 90% (Katibah 1984). The Sacramento modifications; removal and fragmentation of
shoreline riparian vegetation; and the loss ofRiver once supported 500,000 acres of ripariansediment, bedload, and woody debris fromforest; it now supports 10,000-15,000 acres, or

just 2-3% of historic levels (McGill 1979, 1987). watershed sources upstream of dams.

From about 1850 to the turn of the century, most
of the forest was destroyed for fuel as a result ofRiparian and riverine aquatic habitats are created

the Gold Rush and river navigation, and by large-and sustained by natural fluvial processes

scale agricultural clearing, associated with rivers. Fluvial dynamics are
affected by the presence and pattern of riparian

Additional clearing in early and mid 1900svegetation. Vegetation patterns define and

coincided with the aftermath of flood control
contribute to riparian and riverine aquatic

reservoir and levee projects. These projectsecosystem structure and functions.

allowed ongoing clearing of floodplain riparian
stands for orchards, crops, flood bypasses, leveeIn general, riparian and riverine aquatic habitats

construction, and urban areas. Similar patternsare healthiest where ecosystem processes are in
the most unaffected natural state. These sites areoccurred along the San Joaquin River, which was
also the most resilient to human and naturalalso greatly affected when major portions of the

river were dried up following construction of disturbance. Ecosystem processes thatare integral

Friant Dam and other large reservoirs in the Sancomponents of riparian and riverine aquatic
habitats are described in greater detail in theJoaquin Basin. Resulting major changes in river

flow conditions and sediment deposits triggeredecosystem restoration visions for stream meander

channel instability, and downcutting of rivers andcorridors, floodplains, natural geomorphology and
sediment supply.
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Sediment transport, deposition, and scour support,̄ channel straightening and clearing;
succession, and regeneration of riparian
vegetation. These secondary processes requirē levee construction and bank hardening to
frequent high flow events in winter and spring, protect bridge abutments and diversion
These frequent high flows redistribute sediment structures (e.g., with riprap);
and bedload. After new vegetation is established
on sediment bars and freshly deposited̄ instream gravel mining and riparian zone
floodplains, the primary physical factors that grazing;
sustain riparian vegetation are adequate
streamflow, winter inundation of the floodplain,̄ flow modifications affectingsediment
and shallow groundwater during the dry season, transport and spring germination;

Sediment transport and deposition, are also thē removal, burning, and fragmentation of
~rocesses that create and replenish riverine aquatic mature riparian vegetation; and
habitats. A high-quality aquatic habitat requires a
continuous supply of sediment. Riverflows must̄ loss of sediment and bedload from watershed
periodically be high enough and of sufficient sources upstream of dams.
duration to move streambed materials.

Other stressors increasing in importance and
Sediment deposits are shaped, in part, by riparianmagnitude include:
vegetation. Riparian vegetation resists flow and
causes fine sediment to aggrade within the densē displacement by invasive non-native trees and
stems. Riparian vegetation also redirects flows shrubs (e.g., tamarisk and giant reed),
and causes the channel water to scour the bed.
Scouring action forms pools, riffles, and bar̄ new expansionoforchardsandvineyards into
patterns. Away from high-energy estuary the riparian floodplain,
channels, tidal mudflats form in broad, low-
velocity areas when shoals of organic-rich fines̄ human-set fires along river parkways,
are deposited.

¯ unusually high summer stage in rivers that
Riparian vegetation serves many important supply increasing demand for downstream
ecological functions. Riparian vegetation absorbs water diversions,
nutrients and produces primary and secondary
biomass at very high rates. This biomass feeds̄ groundwater lowered below the root zone, and
numerous fish and wildlife species. Birds and
small mammals nest and take cover in thē expanded clearing of channel vegetation in

of trees. Trees also to recent flood events that called intoprotectivecanopyfoliage response
shade and cool floodplains and channels. Channel question the capacity of levee-confined rivers
velocities are slowed by riparian foliage, allowing and streams.
sediment to settle and create new landforms.
Riparian foliage also stabilizes channels andMost stressors have an indirect but lasting effect
banks, thereby rendering the characteristicon the physical structure and post-disturbance
geomorphology of estuaries, rivers, and streams, of streambed habitat. Collectively, theserecovery

stressors have substantially reduced the quality
Primary stressors affecting riparian habitatsand resilience ofriverine aquatic habitats, thereby
include: diminishing their effectiveness in providing for

the life cycle requirements of fishes of the Delta
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and Sacramento and San Joaquin rivers and theirComplete restoration on many segments may be
tributaries, limited by unalterable levee confinement and

bridge crossings.

VISION                       Restoring riparian and riverine aquatic habitat

The vision for riparian and riverine aquaticdepends on recovery or simulation of natural

habitats is to increase their area and protect andfluvial processes and landforms. Revegetating

improve their quality. Achieving this vision willand artificially altering stream channels will be
consideredonlywhereoverwhelminglimitationsassist in the recovery of special-status fish and

wildlife populations and provide high-qualityprevent natural recovery of these physical

habitat for other fish and wildlife dependent on theprocesses and ecosystem functions.

Bay-Delta. The vision includes restoring native
riparian communities ranging from valley oak INTEGRATION WITH
woodland associated with higher, less frequently OTHER RESTOI~ua~TION
inundated floodplain elevations to willow scrub
associated with low, frequently inundated PROGRAMS
floodplain elevation sites such as streambanks,
pointbars,and inchannel bars. Efforts to achieve the vision for riparian and

riverine aquatic habitats may involve coordination
The simple preservation of remaining naturalwith other programs. These include:
riparian areas and riverine aquatic zones will not
ensure the diversity, and resilience of thesē U.S. Army Corps of Engineers’ proposed
habitats. Preservation alone is not adequate reevaluation of the Sacramento River flood
because of the scarcity, degradation, and control project and ongoing bank protection
fragmentation of existing river and estuary project, including more comprehensive
systems. Most riparian restoration projects in the floodplain management and river ecosystem
Central Valley have been implemented on a restoration opportunities;
relatively small scale, primarily as mitigation for
project impacts or infill of existing protected¯ SB1086 Advisory Council efforts and river
preserves. The National Research Council (1992) corridor management plan for the Sacramento
has recommended a national strategy for restoring River;
rivers and aquatic ecosystems through integrated
restoration of large landscape units. ¯ the San JoaquinRiver Parkwayand

Management plans;
If the floodplain, meander width, sediment supply,
and natural spring flows are in place, the river will̄ proposed riparian habitat restoration and
respond by creating natural landforms. These floodplain management and riparian
landforms will support self-sustaining vegetation restoration studies for the San Joaquin River,
communities and streambed habitats. Even partial including potential new flood bypass systems
restoration or simulation of natural physical and expanded river floodplains on lands
processes and floodplains will amplify ecosystem recently acquired by State and federal
characteristics and resultant habitat quality, agencies and land trusts;
Rivers and Delta estuaries where natural fluvial
processes and landforms are relatively intact need̄ ongoing Sacramento Valley conservation
to be identified and highlighted as potential planning by The Nature Conservancy and
reserves of riparian and riverine habitat.
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I
other private nonprofit conservation fires, lowered groundwater levels, and removal to
organizations; increase flood control channel capacity.

I
¯ expansion plans and conservation easements STRATEGIC OBJECTIVE,underway for the Sacramento River National

I Wildlife Refuge and Califomia Department of TARGETS, AN D
Fish and Game’s Sacramento River WildlifePROGRAMMATIC ACTIONS
Management Area;

I ¯ ongoing coordination efforts and programs of The Strategic Subobjective is
the Wildlife Conservation Board, including /.~,.~, to increase the area of riparian
the Riparian Habitat Joint Venture; and riverine aquatic habitat as

an integrated component of
¯ all county-sponsored instream mining andrestoring large expanses of all major

I reclamation ordinances and river and streamhistorical habitats in the Central Valley
management plans; and its rivers.

I ¯ and the California Department of LONG-TERM OBJECTIVE-" Restore, protect and
Conservation reclamation planning assistancemanage, on a self-sustaining basis throughout the
programs under the Surface Mining andwatershed, multiple large areas containing all

I Reclamation Act. aquatic, wetland, and riparian habitat types in the
Central Valley and its rivers to a substantial

LINKAGE WITH OTHER fraction of their pre-settlement areas or to a point

I where all at-risk species that depend on the
ECOSYSTEM ELEMENTS habitats are no longer at risk.

I Riparian and riverine aquatic habitat used here isSHORT-TERM OBJECTIVES-" Systematically
similar to the Goals Project (1999) description ofidentify and locate the best remaining areas
riparian forest, willow grove, oak woodland, and containing the aquatic, wetland, and riparian
mixed evergreen forest, Madrone Associateshabitat types, and prioritize them for conservation.I (980) designations riparian including Develop and begin implementation of action plans1 of habitats
riparian woodland, riparian shrub-brush, brushyfor restoring significant examples of each habitat
riprap, and herbaceous banks, and Cowardin’stype.I (1979) classifications of scrub/shrub wetland and
forested wetland. RATIONm.~:: Moyle and Ellison (1991) and

Moyle (1996) developed a scheme for classifyingI Riparian and riverine aquatic habitats are closelythe habitats of California for theaquatic purposes
linked to the ecological health of many Ecologicalof conservation. Other classification schemes of
Management Zones and Units. This type ofaquatic habitats also exist, as do schemes for

I habitat is important to many fish, wildlife, andclassifying riparian and wetland habitats.
plants species and communities. It is adverselyWhatever the system, it is obvious that the
affected by many stressors that include leveediversity of aquatic habitats is declininginCentral

I construction, gravel mining, flow patterns,Valley watersheds, especially in lowland areas.
fragmentation of existing stands of riparianEach habitat supports a different assemblage of
vegetation, competition and displacement by non-organisms, and quite likely many of the

I native plant species, land use and conversions,invertebrates and plants are still unrecognized as
endemic forms. Thus, systematic protection of

i
~ ~
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examples of the entire array of habitats in thē analyze alternative approaches for water
region provides some assurances that rare and diversions and associated intakeand screening
unusual aquatic organisms will also be protected, facilities on the mainstem river to avoid
preventing contentiousendangeredspecies hardening the bank in some sections of the
listings, river;

STAGE 1 EXPECTATIONS: A classification ¯ remove small, nonessential dams on gravel-
system for riverine and riparian habitats that can rich streams;
be used as a basis for conservation actions will
have been developed. Inventory of habitattypes̄ eliminate mining in streams and on low
should be completed and areas prioritized for floodplains near channels; and
conservation actions. Restoration actions should
be evaluated and initiated where feasible. ¯ widen bridges to broaden out-of-bank flow

and eliminate the need to riprap vulnerable
General restoration targets for riparian and bridge abutments.
riverine aquatic habitat include acquisition of
easements or in-fee title to 16,000 to 24,000 acres¯ breach or remove nonessential levees
of riparian lands in the stream meander zone along restricting former tidelands that would capture
the Sacramento River between Red Bluff and sediment needed to create tidal mudflats and
Colusa and the acquisition or protection of estuary landforms.
riparian corridors along most of the streams and
rivers throughout the ERP Study Area. These measures will significantly increase the

extent and distribution of shallow-water and
Recovery and simulation of natural fluvialnearshore habitats. These habitats are productive
processes and landforms will be accomplishedgenerators of the Delta foodweb and provide
using the following integrated steps: essential new rearing habitat for juvenile Delta

and anadromous fish. Where Delta land
¯ locating setback levees to expand potentialelevations are suitable, levee systems can be set

riparian floodplain; back or altered to allow out-of-bank shallow
flooding during high flood stage. Floodplain

¯ expanding the storage, detention, and bypassinundation will also provide additional flood
capacity of the Sacramento and San Joaquinstorage and moderation of peak flows to decrease
River flood control project to allow natural the risk of flooding elsewhere in the Delta.
expansion of riparian vegetation within leveesFoodweb support, spawning and rearing habitat
and the Sutter and Yolo bypasses; and for native fish (e.g., split-tail), would be further

enhanced by altering levees.
¯ designating, acquiring title or easements for,

and deliberately managing river corridorOpportunities for reducing riparian habitat
meander zones on appropriate rivers andstressors include:
stream throughout the Central Valley.

¯ phasing out instream gravel mining;
The following actions would restore or enhance
sediment supply to rivers and streams: ¯ designating and acquiring "stream erosion

zones" to reduce the use of bank riprap and
¯ reduce bank hardening by creating meander allow greater natural recolonization;

zones and widening floodplains;
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¯ designing biotechnical slope protection̄ identifying levee-confined channels and banks
measures that allow riparian vegetation to be where routine channel clearing and grading
established within levees; be discontinued.safelycan

¯ phasing out or reducing livestock grazing inReservoir operations will be evaluated to
determine whether winter and releasesriparianzones; spring can

be augmented with flood simulation spikes every
¯ establishing conservation easements for1-10 years. Simulated flood spikes would

purchase of land or using other incentives tomobilize bed and bank deposits to redistribute,
reduce or eliminate cropland conversion ofsort, and clean spawning gravels and scour deep
riparian forest; pools between riffles.

¯ eliminating or modifying programs whichRestoring riparian and riverine aquatic habitat
remove large woody debris from stream should be accomplished by eliminating the
channels and rivers; stressors and recovering or simulating the physical

processes and fluvial landforms described above.
¯ identifying levee-confined channels and banksHabitat restored in this way will be more resilient

where routine vegetation removal by localto future disturbances; require little or no long-
reclamation districtscan be safely term maintenance; be self-sustaining; and be more
discontinued; and compatible with flood control requirements.

¯ establishing weed control programs toHowever, habitat fragmentation and severe
suppress the expansion of tamarisk, giantlimitations of the physical environment will not
reed, locust, and other invasive non-nativeallow ecosystem processes and functions to fully
plants degrading habitat quality and nativerecover on many segments of valley streams and
flora. Delta estuaries. In these situations, some large-

scale stream channel sculpting, gravel additions,
Opportunities for reducing stressors affectingand riparian replanting may be necessary. For
riverine aquatic habitat include: example, the lower Sacramento River has

abandoned river floodplains and sediment is in
¯ phasing out instream gravel mining, especiallyshort supply. Naturally reactivating these habitats

downstream of dams and on streams thatwould be nearly impossible. Restoring these
support salmon and steelhead spawning; habitats would require human intervention.

Revegetation projects should be contemplated
¯ designating and acquiring "stream erosiononly where native trees and grasses may no longer

zones" to reduce the use of bank riprap andgerminate naturally but have a high probability of
allow natural meander patterns; unaided survival and vigorous growth following

1-5 years of artificial irrigation.
¯ designing slope protection measures that

allow shoreline riparian vegetation tobe
established within levees;

¯ phasing out or reducing grazinglivestock in
riparian and aquatic zones, especially on
tributary streams that support salmon and
steelhead andspawning;
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!
- ) FRESHWATER FISH HABITATS
I

population and large tracts of irrigated agriculture
compete with aquatic organisms for water (Moyle

I and Ellison 1991).

RESOURCE DESCRIPTION
I

! Freshwater fish habitats complement the other
habitats described in this volume. In general, the

I                                                            proposed designations are freshwaterfishhabitat
based on a hierarchical classification system

| NTRODUCTION (Moyle and Ellison 1991) developed to provide a
I structure for conservation efforts and is basedon

Freshwater fish habitats and native fishes arefish distribution and endemism.
closely linked in the Central Valley as the health

I of native fish is largely dependent This classification system has additional utility aspopulations on

the health of their habitats. The Sacramento-Sanit assumes that observations of fishes are
Joaquin drainage system’s large size, diversity ofrepresentative of less well-known aquatic

I aquatic habitats, and isolation from other systemsorganisms such as insects and amphibians.
have provided a basis for freshwater fish
speciation (Moyle 1976). Seventeen fish speciesMajor habitat classifications for the Central Valley

I evolved and live in the system. In addition, theinclude standing waters, flowing waters, and
diversity of habitats present in the Central Valleyartificial habitats.
support a variety of native resident fish species,

I native anadromous species, native marine species, STANDING WATERS
and an ever increasing number of introduced
species. This classification included ephemeral waters such

I as floodplain and vemal pools, and permanent
The diversity of habitats include clear headwaterwaters such as lakes, sloughs, oxbow lakes, and
streams that support rainbow trout, small warmbackwaters. Floodplain pools are shallow pools

I tributaries and larger streams that flow throughand ponds resulting from receding floodwaters of
open foothill oak woodlands and support the Sacramento and San Joaquin rivers and their
California roach, streams with average summermajor tributaries. These waters often support fish

I flows of 300 cfs or more and support squawfish, and other aquatic organisms early in the season
suckers, and hardheads, sluggish river channels,but can become detrimental as they gradually.
oxbow and floodplain lakes, and sloughs thatbecome too warm to support fish and typically
support or supported Sacramento perch, hitch, andevaporate by late summer.

I tule perch (Moyle 1976).
Vernal pools in the Central Valley are northern

I The designation of these habitats is important toclaypan pools. They are shallow, temporary pools
allow the systematic protection of biologicalformed in depressions that hold winter and spring
diversity within distinct geographic regions. Therainfall. These pools support a rich variety of

i application of such a conservation-orientedinvertebrates and flowering plants. The larger
classification system is of particular importance inpools may support tiger salamander and spadefoot
the Central Valley where a rapidly growing humanlarvae.

I Volume I: Ecosystem Restora~’on Program Plan
~ ~t.t~Tx Vision for Freshwater Fish Habitats
~ ~ June 1999

I 151

C--019037
C-019037



Permanent waters supporting fish are foundHardhead/squawfish stream are low- to mid-
throughout the Central Valley. These areaselevation streams characterized by deep, bedrock
resulted from the meandering of the Sacramentopools, clear water, and cool temperatures. The
and San Joaquin rivers which created oxbowtypical assemblage of fish include hardhead,
lakes, backwater areas, and sloughs. Sacramento squawfish, and Sacramento sucker.

Hitch streams are warm, low-elevation streams
FLOWING WATERS with low to moderate current and long reaches

with sandy bottoms. Typical fish assemblages
Flowing water fish habitats include the followinginclude hitch and Sacramento blackfish, although
classifications: resident trout streams, salmon-Sacramento squawfish and Sacramento sucker and
steelhead streams, and low elevation streams, other species may be present. California roach

streams are small, clear, mid-elevation second,
Resident trout streams include resident rainbowthird, or fourth order streams that typically contain
trout streams and rainbow trout/cyprinid streams,deep pools in canyons and are often intermittent in
Resident rainbow trout streams are low order,flow by late summer. The dominant species is
cold, high gradient streams dominated by rainbowCalifornia roach but juveniles of Sacramento
trout and riffle sculpins. Rainbow trout/cyprinidsquawfish and Sacramento sucker may be present.
streams are small streams of moderate gradient
supporting rainbow trout and one or more species ,/~ITIFICIAL HABITATS
of native minnows such as California roach or
Sacramento sucker. Artificial habitats include ephemeral water,

permanent waters and flowing waters. Given the
Salmon-steelhead streams include spring chinookhigh development within the Central Valley and
streams and steelhead streams. Spring chinookthe development of water resources, it is not
streams are third to fifth order streams atsurprising that artificial habitats provide a
elevations of 500-1500 m with deep canyonssignificant amount of habitat.
containing deep, cold pools that can sustain
spring-run chinook salmon through the summer.Ephemeral water include rice paddies, wildlife
Steelhead streams are second to fourth orderrefuges, drainage and evaporation ponds, and
streams used by steelhead for spawning and areseasonally irrigated lands. Permanent waters
dominated by juvenile steelhead, include cold water ponds, warm water ponds,

ornamental ponds, cold water reservoirs, cool
Low elevation streams include valley floor rivers,water stratified reservoirs, warm water reservoirs,
fall chinook spawning stream, hardhead/squawfishrun-of-river reservoirs, forebays, and flooded pit
streams, hitch streams, and California roachlakes such as gravel and rock quarries. Flowing
streams. Valley floor rivers include the mainwaters include aqueducts, drainage ditches,
channels of the Sacramento and San Joaquinirrigations ditches, and flood control canals and
rivers, and the lower reaches of their tributarybypasses such as the Yolo Bypass~
streams. Much of the flow is sluggish in summer
andconsiderablecover is provided by woody VISION
debris and shaded riverine aquatic habitat. These
low elevation streams flood seasonally andThe vision for freshwater fish habitats is to protect
support a wide variety of fishes. Fall chinookexisting habitat from degradation or loss, to
salmon spawning streams are low elevation, lowrestore degraded habitats, and restore areas to a
gradient tributaries to major rivers that dry up inmore natural state. Freshwater fish habitat will be
summer but are used for spawning by bothincreased to assist in the recovery of special-status
anadromous and resident fish species, plant, fish, and wildlife populations. Restoration
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will provide high-quality habitat for other fish and
wildlife dependent on the Bay-Delta.

I Freshwater Fish Habitats

Standing Waters I NTEGRATION WITH

I ¯ ephemeralwaters OTHER RESTORATION
¯ floodplain pools
¯ vernal pools PROGRAMS

i ¯ permanent waters
¯ lakes Efforts to restore freshwater fish habitat would
¯ sloughs involve cooperation with other restoration and
¯ oxbow lakes management programs. These include:

I ¯ backwaters
¯ Central Valley Project Improvement Act

Flowing Waters including the Anadromous Fish Restoration

i ¯ resident trout streams Program,¯ resident rainbow trout streams
¯ rainbow trout]cyprinid streams

¯ salmon-steelhead streams ¯ Department of Water Resources programs to

I ¯ spring chinook streams provide water supplies (State Water Project),
¯ steelheadstreams flood protection facilities, water quality

¯ low elevation streams monitoring, and multipurpose management of

I ¯ valley floor rivers California water resources,
¯ fall chinook spawning streams
¯ hardhead/squawflsh streams ¯ U.S. Army Corps of Engineers flood control
¯ hitch streams operations of reservoirs and management of
¯ California roach streams flood control facilities (e.g., levees, overflow

Artificial Habitats                                   channels and bypass weirs),

I ¯ ephemeral waters
¯ rice paddies ¯ U.S. Bureau of Reclamation operation of the
¯ wildlife refuges federal Central Valley Project to provide for

I ¯ drainage and evaporation ponds multiple beneficial uses of water including
¯ seasonally irrigated lands fish and wildlife protection and habitat

¯ permanent waters restoration,

I ¯ cold water ponds
¯ warm water ponds ¯ U.S. Fish and Wildlife Service and National
¯ omamental ponds Marine Fisheries Service programs to
¯ cold water reservoirs recommend flows and other measures needed

I for mitigating impacts from federal projectscool waterstratifiedreservoirs
¯ warm water reservoirs
¯ run-of-river reservoirs and protecting endangered species,

I ¯ forebays
¯ flooded pitlakes ¯ Other independent water projects in the

¯ flowing waters Central Valley to provide for multiple

i ¯ aqueducts beneficial uses of water including fish and
¯ drainage ditches wildlife protection and habitat restoration
¯ irrigation ditches (e.g., Yuba County W~iter Agency, East Bay
¯ flood control bypasses Municipal Utilities District, Pacific Gas andI Electric Company(,
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¯ Califomia Department of Fish and Game¯ invasive species,
responsibility to study and recommend
streamflows and temperature requirement for̄ predation and competition, and
fish protection and propagation is streams,

¯ fish and wildlife harvest.
¯ FERC regulations of minimum flow below

hydropower projects, and STRATEGIC OBJECTIVE~
¯ State Water Resources Control Board TARGETS AND

administration of water rights for diversion PROGRAMMATIC
and storage including decisions regarding
instream flows for fish, water quality, and ACTIONS
public trust resource protection.

~
The Strategic Subobjective is

LINKAGE WITH OTHER to protect existing and restore
and increase the quality of

ECOSYSTEM ELEMENTS ~ freshwater fish habitat as an
integral component of restoring large

Freshwater fish habitats are linked to otherexpanses of all major historical habitat
ecological elements in the Bay-Delta watershed,types in the Central Valley and its rivers.
These important habitats are linked to our visions
for:

LONG-TERM OBJECTWE: Restore, protect and
¯ Central Valley streamflows, manage, on a self-sustaining basis throughout the

watershed, multiple large areas containing all

¯ Central Valley stream temperatures, aquatic, wetland, and riparian habitat types in the
Central Valley and its rivers to a substantial
fraction of their pre-settlement areas or to a pointnaturalsedimentsupply,
where all at-risk species that depend on the

¯ stream meander, habitats are no longer at risk.

SHORT-TERM OBJECTIVES: Systematically¯ natural floodplain and flood processes,
identify and locate the best remaining areas

¯ Delta sloughs, containing the aquatic, wetland, and riparian
habitat types, and prioritize them for conservation.

¯ riparian and riverine aquatic habitat, Develop and begin implementation of action plans
for restoring significant examples of each habitat

¯ water diversions, type.

RATIONALE-" Moyle and Ellison (1991) and¯ dams, reservoirs, weirs, and other structures,
Moyle (1996) developed a scheme for classifying

¯ levees, bridges, and bank protection, the aquatic habitats of California for the purposes
of conservation. Other classification schemes of

" dredging and sediment disposal, aquatic habitats also exist, as do schemes for
classifying riparian and wetland habitats.

¯ gravel mining, Whatever the system, it is obvious that the
diversity of aquatic habitats is declining in Central
Valley watersheds, especially in lowland areas.

~ ~t~
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Each habitat supports a different assemblage ofStrategic Plan for Ecosystem Restoration. 1999.
organisms, and quite likely many of the Appendixto the CALFED Bay-Delta Program
invertebrates and plants are still unrecognized as Environmental Impact Statement
endemic forms. Thus, systematic protection of /Environmental Impact Report. June 1999.
examples of the entire array of habitats in the
region provides some assurances that rare and
unusual aquatic organisms will also be protected,
preventing contentious endangered species
listings.

STAGE 1 EXPECTATIONS: A classification
system for riverine and.riparian habitats that can
be used as a basis for conservation actions will
have been developed. Inventory of habitat types
should be completed and areas prioritized for
conservation actions. Restoration actions should
be evaluated and initiated where feasible.

The general targets for freshwater fish habitat are:

protect and rehabilitate floodplain pools,
sloughs, backwaters and oxbow lakes,

¯ improve the quality and extent of flowing
water habitats,

¯ establish and protect a variety of functional
habitats for biodiversity, scientific research
(e.g., for resident trout streams, salmon-
steelhead streams, etc),

¯ improve the quality of artificial habitats in the
Central Valley to better support native fish
species.

REFERENCES

Moyle, P.B. 1976. Inland Fishes of California.
University of California Press, Berkeley,
Califomia. 405 pp.

Moyle. P.B., and J.P. Ellison. 1991. A
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for the inland waters of California. California
Fish and Game 77(4): 161-180.
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’� ESSENTIAL FISH HABITATS

with the National Marine Fisheries Service on
activities that may adversely affect EFH. The
amended act requires the National Marine
Fisheries Service to assist the Pacific Fisheries
Management Council in the description and
identification of EFH for each managed fishery
and to provide the Pacific Fishery Management
Council with proposed recommendations for EFH
(National Marine Fisheries Service 1998a).

INTRODUCTION
ESSENTIAL HABITATS

Essential Fish Habitat (EFH) is the aquatic habitat
necessary to allow for salmon production needed F EATU RES
to support a long-term sustainable salmon fishery
and salmon contributions to a healthy ecosystem.Habitat and biological associations examined in
The salmon fishery EFH includes all thosethe developmentofproposedEFHincluded:
streams, lakes, ponds, wetlands, and other water
bodies currently or historically accessible tō Eggs and spawning requirements
salmon. In the estuarine and marine areas, salmon
EFH extends from the nearshore and tidal̄ Larvae andalevinsrequirements
submerged environments to 60 km offshore.
Salmon EFH excludes areas upstream of̄ Juveniles in freshwater
longstanding naturally impassible barriers (i.e.,
natural waterfalls in existence for several hundred̄ Juveniles in estuarine waters
years) (National Marine Fisheries Service 1998a).

¯ Juveniles in marine waters, and
The designation of these habitats is important to
allow the systematic protection of biological̄ Adults requirements.
diversity within distinct geographic regions. The
application of such a conservation-orientedThe National Marine Fisheries Service will
classification is of in assume a holistic approach toward implementationsystem particularimportance
the Central Valley where a rapidly growing humanof EFH, and prefers not to subdivide by life stage
population and large tracts of irrigated agricultureor habitat type. The intent is to provide habitat
compete with aquatic organisms for water (Moyleconditions that support all life-cycle stages of
and Ellison 1991). chinook salmon: an approach fundamentally

consistent with the ERP’s emphasis on ecosystem

RESOURCE DESCRIPTION management.

In summary, EFH is an integration of two major
Public Law 104-267, the Sustainable Fisheries Actsubdivisions: freshwater essential habitat and
of 1996, amended the Magnuson-Stevens Fisherymarine essential habitat.
Conservation and Management Act to establish
new requirements for "Essential Fish Habitat"Important features of essential habitat for
description in federal Fishery Management Plansspawning, rearing and migration include adequate:
(FMPs) and to require federal agencies to consult

~ ~
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(1) substrate composition; (2) freshwater water¯ U.S. Bureau of Reclamation operation of the
quality (e.g., dissolved oxygen, nutrients, federal Central Valley Project to provide for
temperature); (3) freshwater water quantity, depth multiple beneficial uses of water including
and velocity; (4) channel gradient and stability; (5) fish and wildlife protection and habitat
food; (6) freshwater cover and habitat complexity restoration,
(e.g., large woody debris, pools, channel
complexity, aquatic vegetation); (7) space, (8)̄ U.S. Fish and Wildlife Service and National
access and passage; (9) floodplain and habitat Marine Fisheries Service programs to
connectivity; (10) adequate marine water quality; recommend flows and other measures needed
(11) adequate marine water temperature; (12) for mitigating impacts from federal projects
adequate marine prey species and forage base; and and protecting endangered species,
(13 ) adequate depth, cover, marine vegetation, and
algae in estuarine and near-shore habitats. ¯ Other independent water projects in the

Central Valley to provide for multiple
VISION beneficial uses of water including fish and

wildlife protection and habitat restoration

The vision for essential fish habitats is to maintain (e.g., Yuba County Water Agency, East Bay

and improve the quality of existing habitats and to Municipal Utilities District, Pacific Gas and

restore former habitats in order to support self- Electric Company),

sustaining populationsofchinook salmon. ¯ California Department of Fish and Game
responsibility to study and recommend

| NTEGRATION WITH streamflows and temperature requirement for

OTHER RESTORATION fish protection and propagation is streams,

PROGRAMS ¯ FERC regulations of minimum flow below

Efforts to restore freshwater fish habitat would
hydropower projects, and

involve cooperation with other restoration and̄ State Water Resources Control Board
management programs. These include: administration of water rights for diversion

and storage including decisions regarding
¯ Central Valley Project Improvement Act instream flows for fish, water quality, and

including the Anadromous Fish Restoration public trust resource protection.
Program,

LINKAGE WITH OTHER¯ Department of Water Resources programs to
provide water supplies (State Water Project), ECOSYSTEM I=LEMENTS
flood protection facilities, water quality
monitoring, and multipurpose management ofEssential Fish Habitats are linked to other
California water resources, ecological elements in the Bay-Delta watershed.

These important habitats are linked to our visions
¯ U.S. Army Corps of Engineers flood control for:

operations of reservoirs and management of
flood control facilities (e.g., levees, overflow ¯ Central Valley streamflows,
channels and bypass weirs),

¯ Central Valley stream temperatures,

~ c~m)
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¯ natural sediment supply, watershed, multiple large areas containing all
aquatic, wetland, and riparian habitat types in the

¯ stream meander, Central Valley and its rivers (including the Delta
and Suisun and San Francisco Bays) to a point

¯ natural floodplain and flood processes, where all at-risk species that depend on the

I habitats are no longer at risk.
¯ Delta sloughs,

SHORT-TERM OBJECTIVE: Systematically

I ¯ riparian and riverine aquatic habitat, identify and locate the best examples of essential
fish habitats and prioritize them for conservation.

¯ water diversions, Develop and begin implementation of action plans
for restoring significant examples of each habitat

¯ dams, reservoirs, weirs, and other structures, type.

¯ levees, bridges, and bank protection, RATIONALE." Declines in the abundance of
chinook salmon have been well-documented

¯ dredging and sediment disposal, throughout the southern portion of their range.

I Concern over coast wide declines from
¯ gravel mining, and southeastern Alaska to the Pacific Northwest was

a major factor leading to the signing of the Pacific

I ¯ invasive species. Salmon Treaty between the United States and
Canada in 1985. Naturally spawning chinook

STRATEGIC OBJECTIVE, salmon populations have been extirpated from

i large portions of their historic range in a number
TARGETS AN D of watersheds in California and all Evolutionarily

PROGRAMMATIC Significant Units have been proposed for listing

ACTIONS
by the National Marine Fisheries Service (1998b).

Habitat degradation is the major cause for
Essential fish habitat is addressed by Strategicextinction of populations and many extinctions areI Plan Goals related to restoring aquatic, wetland,related dam andto construction operation.
and riparian habitats in the Central Valley and itsUrbanization, agricultural land use, water
rivers, in the Delta, and in Suisun Bay, Suisundiversion, and logging are also factors

i Marsh, and San Francisco Bay. to habitat and the declinecontributing degradation
of chinook salmon (Nehlsen 1991). The

A
The Strategic Subobjective is development of large-scale hatchery programs

I and have, to some degree, mitigated the decline into protectexisting restore
and increase the quality of abundance of chinook in some areas. However,
essential fish habitat as an the genetic and ecological interactions of hatchery

I of and wild fish have also been identified as riskintegrated component restoring large
expanses of all major historical habitat factors for wild populations, and high harvest
types in the Central Valley and its rivers, rated directed at hatchery fish may cause over-

i the Delta, and Suisun and San exploitation of co-mingled wild stocks(including
Francisco Bay). (Reisenbichler 1997).

I STAGE 1 EXPECTATIONS: Inventory of habitat
LONG-TERM OBJECTI~: Protect and manage,

types should be completed and areas prioritizedon a self-sustaining basis throughout the

I
~ cxt~D
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for conservation actions. Restoration actions
should be evaluated and initiated where feasible.
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Moyle. P.B., and J.P. Ellison. 1991. A
conservation-oriented classifications system
for the inland waters of California. California
Fish and Game 77(4): 161-180.

National Marine Fisheries Service. 1998a.
Proposed recommendations for Amendment
14 to the Pacific Coast Salmon Plan for
Essential Fish Habitat (Draft). March 26,
1998. 256 pp.

National Marine Fisheries Service. 1998b.
Endangered and threatened species; proposed
endangered status for two chinook salmon
ESUs and proposed threatened status for five
chinook salmon ESUs; proposed redefinition,
threatened status, and revision of critical
habitat for one chinook salmon ESU,
proposed designation of chinook salmon
critical habitat in California, Oregon,
Washington, and Idaho. Federal Register
63(45):11481-11520.

Nehlsen, W. 1991. Pacific Salmon Status and
Trends. A coast wide perspective, in Pacific
salmon and their ecosystems: status and future
options. D. Stouder, P. Bisson, and 1L Naiman
editors. Chapman and Hall, New York.

Reisenbichler, R. 1997. Genetic factors
contributing to declines of anadromous
salmonids in the Pacific Northwest, in Pacific
salmon and their ecosystems: status and future
options. D. Stouder, P. Bisson, and tL Naiman
editors. Chapman and Hall, New York.

Strategic Plan for Ecosystem Restoration. 1999. ¯
Appendix to the CALFED Bay-Delta Program
Environmental Impact Statement
/Environmental Impact Report. June 1999. ¯

|
|

Volume I: Ecosystem Restora~on Program Plan ¯
Vision for Essential Fish Habitat

June 1999
159                                               I

C--01 9045
C-019045



# INLAND DUNE SCRUB HABITAT

Remaining habitat areas are being protected.
: :~~ .....:’" ........ ....... ~ ’~ ~" Recent land-use changes help this habitat support

:~:~!::~i:ii~"~ " " several special-status plant and wildlife species.
Most protected inland dune scrub is located within
the Antioch Dunes National Wildlife Refuge and
Brarman Island State Park. Most of the inland
dune scrub habitat outside these two areas are
protected to various degrees.

Two special-status plant species, the Antioch
Dunes evening primrose and the Antioch Dunes

I NTRODUCTION wallflower, are found with inland dune scrub. The
Lange’s metalmark; a butterfly listed as

Inland dune scrub is associated with inland sandendangered under the federal Endangered Species

dunes and is limited in the ERPP focus area to the
Act (ESA), is known only from the Antioch

vicinity of the Antioch Dunes National Wildlife Dunes, where it feeds on naked buckwheat. The
low nutrient conditions of the soils and naturalRefuge. This habitat area supports two plant and

one butterfly species listed as endangered underinstability of dune sands limit the amount of

the federal Endangered Species Act. Majorvegetation that establishes on the inland dunes.
The dunes represent a localized habitat that doesfactors that limit this resource’s contribution to the
not support other types of upland vegetation.health of the Delta are related to adverse effects of

sand mining, dune conversion to other land uses,
As in other dune ecosystems, such as coastaldune stabilization, and land use practices that

maintain the dominance of non-native plants, dunes and desert sand dunes, wind is the major
process that shapes dunes and dune structures.
The presence of the wind-modified,

RESOURCE DESCRIPTION river-deposited sands, in combination with the
Delta wind patterns, maintain a natural

Historic dunes within the Sacramento-San Joaquindisturbance threshold that favors the establishment
Delta Ecological Management Zone may haveof the plant species that are characteristic of dunes
covered 15,560 acres, based on soil surveys,and prevents the establishment of species less
including 8,510 acres of Delhi series, 5,810 acrestolerant of these conditions.
of Piper series in Conga Costa County, and 1,300
acres of Tinnin series in Sacramento County. TheDirect and indirect disturbances are reducing the
Delhi series was a large area of dunes in theextent and health of inland dune scrub habitat and
Antioch-Oakley area, of which the Antioch Dunes its associated plants and animals. Sand mining
National Wildlife Refuge is a tiny remnant. Thedirectly removes habitat. Urban development has
Piper series were small areas of remnant dunesmoved onto historical dune habitat and changed
within the organic soils of the Delta marshes,wind-flow patterns. Excessive foot traffic, off
remnants of larger areas of dunes that existedroad vehicle traffic, and grazing disturb dune
prior to the rise in sea level at the end of the lastsurfaces, which makes dunes more susceptible to
ice age. The Tinnin series were small isolatederosion. Application of herbicides, pesticides, and
dunes on the eastern edge of the Delta. fertilizers change ecological processes that may

encourage or support non-native species.
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Structures or activities that reduce or accelerate | NTEGRATION WITH
winds, wind-disturbances, or barriers to wind-
driven sand movement, disrupt the processes that OTHER RESTORATION
sustain dunes. Wind patterns blow river-deposited PROGRAMS
sand into shifting dunes. Shifting sand offers little
stability for establishingplantrootsystems.Plant Efforts to restore inland dune habitats will involve
species characteristic of dunes survive within a. cooperation with programs managed by the
disturbance threshold. Direct disturbancesinhibitAntioch Dunes National Wildlife Refuge.
the ability of dune-associated plants to establishCooperation from agencies with responsibility or
and result in loss of plant vigor or mortality. Sandauthority for restoring inland dune habitat will be
movement barriers create conditions unfavorablesolicited. These include:
for establishing native dune vegetation. These
types of disturbances create site conditions̄ Califomia DepartmentofFishandGame,
conducive to establishing invasive weedy plants.
Non-native weeds compete with native dunē U.S. Fish and Wildlife Service,
plants and reduce overall habitat quality.
Continued disturbance of potentially restorablē U.S. Army Corps of Engineers,
adjacent habitat could interfere with protecting
and restoring additional areas of high-qualitȳ and the Delta Protection Commission,
habitat by affecting dune structure and destroying
buckwheat, Antioch evening primrose, and
Antioch Dunes wallflower plants. LINKAGE WITH OTHER

ECOSYSTEM I=LEMENTS
VISION

Inland dune scrub habitat is limited to the area
The vision for inland dune scrub habitat is tonear the Antioch Dunes Ecological Reserve,
protect and enhance existing areas and restoreBrannan Island State Park and a few other
former habitat areas. Achieving this vision willlocalities. This type of habitat is important for two
provide high-qualityhabitatforassociatedspecial-plant and one butterfly species listed as
status plant and animal populations, endangered under the federal Endangered Species

Act.

Restoration of inland dune scrub would focus on
protecting and improving important existingIt is adversely affected by human caused actions
habitat areas. Historic inland dunes adjacent tothat contribute to erosion and spread of non-native

existing ecological reserves in the Sacramento-species. One important linkage in maintaining this
San Joaquin Delta Ecological Management Zonehabitat is maintenance of river flows which
would be reestablished. Protecting and restoringdeposit sediments including sand which feed the

inland dune scrub habitat would begin bydune formation process.

identifying areas that are not currently managed
for their resource values. Appropriate methods to ’
protect and restore identified areas would be
developed. Protected habitat areas would be
evaluated to determine effective restoration
management practices to increase habitat value.
The results of these evaluations would determine
how habitat would be protected and restored.

Volume I: Ecosystem Restoration Program Plan
Vision for Inland Dune Scrub Habitat

June 1999
161

C--01 9047
C-019047



I STRATEGIC OBJECTIVE. In order to make restoration actions systematic
and cost-effective, specific objectives need to be

I TARGETS. AN D established for each of the habitat types, as well as

PROGRAMMATIC subsets of them that have distinctive biological
characteristics, and then priorities set within each

ACTIONS                    objective for protection and restoration activities.

~
The Strategic Subobjective is General restoration targets for inland dune scrub

I to and restore inland habitat are directed at protecting and restoring 50protect
dune scrub habitat as an to 100 acres of low- to moderate-quality Antioch

integral component    of inland dune scrub habitat within or adjacent to

restoring large of all major existing ecological preserves in the Central andexpanses
historical habitat types in the Delta. West Delta Ecological Management Unit.

i Managing protected areas could include reducing
LONG-TERM OBJECTIVE: Restore inland dune disturbance of dunes and dune vegetation. This
scrub habitat in the Delta to a substantial fraction       could be accomplished by reducing vehicle and

i of its presettlement areas, or to a point where all pedestrian access to dune areas. Protective
at-risk species that depend on the habitat are no structures, such as small boardwalks could be
longer at risk. built. These actions would reduce habitat

I disturbance while maintaining recreational access.
SHORT-TERM OBJECTIVE: Develop and begin The following actions would help restore inland
implementation of action plans for significant dunes:
examples of inland dune scrub habitat in the Delta.

I ¯ remove barriers to wind-driven sand-dune
RATIONALE: All major natural habitat types in movement to increase the area that would be
the Delta, Suisun Bay, Suisun Marsh, and San available for natural expansion of the sand-i Francisco Bay have been reduced to a small dunebase;
fraction of the area they once occupied, resulting
in a large number of at-risk plant and animal ¯ import sands from areas being developed orI species and an increased susceptibility of the sand from channelsclean dredged Bay-Delta
remaining areas to irreversible degradation (e.g., to increase restoration potential and dune
invasion by non-native species). The reduction

I Irend is continuing and will have to be reversed if          area;
self-sustaining examples of these habitats, and the ¯ control non-native weeds to recreate
diverse organisms they support, are to persist into conditions suitable to reestablishing native
the future. This reversal will require a large dune plants; and
number of diverse and localized actions, from
levee setbacks to land acquisition to better ¯ reduce the use of herbicides, pesticides, and

I management of existing sites. The major habitat fertilizers that adversely effect native dune
types to be restored include tidal shallow water vegetation and animals.
habitat, freshwater emergent wetland, channel

I islands and associated habitats, tidal sloughs, Dune habitat protection and restoration strategies
nontidal freshwater emergent wetlands, seasonal could be implemented through cooperative efforts
upland wetlands, vernal pools and surrounding with existing ecological reserves. Restoration

i uplands, riparian forests and associated upland efforts should focus on implementing existing
areas, perennial grassland, and inland dune scrub, protection and restoration programs, establishing
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cooperative agreements with land management
agencies, and establishing conservation easements
or purchasing land from willing sellers.
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Appendix to the CALFED Bay-Delta Program
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@ PERENNIAL GRASSLAND

transition zone and support area for adjacent
habitats.

Perennial grasslands and associated vernal pools
historically were present at drier, higher elevations
in the Delta. Grasslands developed adjacent to
wetland and riparian habitats that occupied wetter,
lower elevation. Much of the perennial grasslands
have been converted for other uses. Most
remaining grasslands are now dominated by non-
native annual grasses. Annual grasses out
competed and replaced perennial bunch grasses

INTRODUCTION over most of the Central Valley.

Perennial grasslands provide important breedingExtent and health of. perennial grasslands in the

and foraging habitat areas for many wildlifeBay-Delta estuary are declining. Large areas of
historic perennial grassland has been convertedspecies and support several special-status plant

species. Perennial grassland was historicallyfor agriculture, urban, and industrial uses.

common throughout the Central Valley. MostRemaining grasslands have been invaded by non-
native annul grass. Many of the annual grassperennial grassland has been lost or converted into

annual grassland. Major factors that limit thisspecies out-compete native grasses. Fire-resistant,

resource’s contribution to the health of the Bay-non-native species have been given an additional

Delta are related to the adverse effects ofcompetitive edge from current fh’e suppression

grasslands conversion for agricultural, urban, andtechniques. For example, native bunch grasses are

industrial uses, and continuing land use practicesfire resistant and adapted to relatively frequent
fires because their perennating buds are near thethat maintain non-native annual grassesground and protected by the rest of the plant.dominance in historic perennial grassland habitat.
Present fire suppression activities may favor non-
native annuals which, because of infrequent

RESOU RCE DESCRIPTION catastrophic fires, destroy the bunch grasses when
very hot fires bum the thatch which has built up

Perennial grassland provides habitat for manyover time. Fires promote plant succession and
plant and wildlife populations and are importanthave aided in the intrusion of non-native fire-
for maintenance of vernal pools and theirtolerant plants; and continuation of land use
associated plant and animal species, practices that maintain the dominance of non-

native annual grasses.
In addition to supporting vernal pools, perennial
grasslands provide valuable habitat for many VISIONwildlife species. Common grassland species
include deer, San Joaquin kit fox, ground
squirrels, kangaroo rats, and blunt-nosed leopardThe vision is to protect and improve existing

lizards, and nesting waterfowl. Where grasslandperennial grasslands and increase perennial

still occurs, it also provides an extremely valuablegrassland area. This vision is a component of
restoring wetland and riparian habitats. Achieving

Vision for Perennial Grassland
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this vision will provide high-quality habitat forand the Goals Project (1999) description of
special-status plant and wildlife populations andgrasslands.
other wildlife dependent on the Bay-Delta.

Protecting and restoring perennial grasslands are
Restoration of perennial grassland would focus onobjectives of agencies and organizations that
reestablishing historic grasslands and protectingoperate many protected habitat areas.These
and improving important existing grassland areasinclude:
in the Sacramento-San Joaquin Delta, Suisun
Marsh/North San Francisco Bay, and Yolo Basin ¯ Cosumnes River Preserve,
Ecological Management Zones. Grasslands would
be restored as a component of wetland and̄ Grizzly Slough Wildlife Area,
riparian habitat restoration. Combining these
restoration efforts increases overall habitat valuē Jepson Prairie Preserve,
for species that require multiple habitats. The
proximity of habitats to each other (e.g.,̄ Putah Creek South Fork Preserve,
grasslands adjacent to wetlands provides nesting
habitat for several species of ducks and refugē Stone Lakes National Wildlife Refuge,
habitat for small mammals during flooding) and
provides a protecting buffer from potential̄ and Woodbridge Ecological Reserve.
adverse effects of adjacent land uses.

Restoring perennial grassland is also an objective
Reducing land use changes and the introduction ofof the Cache Creek Corridor Restoration Plan and
non-native species will decrease the majorYolo County Habitat Conservation Plan.
stressors affecting perennial grasslands and vernal
pools. The promotion of fire as a natural method LINKAGE WITH OTHER
for succession would aid in managing fire-
sensitive non-native plants. Altematives to the ECOSYSTEM ELEMENTS
use of herbicides and other contaminants to
control vegetation should be encouraged toPerennial grasslands are an important component
promote more natural revegetation, of the Bay-Delta ecosystem and provide habitat

for many plant and wildlife populations.
Increasing the quantity and quality of grasslandsCommon species dependent on perennial
habitat conditions would help increase special-grasslands include deer, San Joaquin kit fox,
status plant and wildlife populations. Habitatblunt-nosed leopard lizards, kangaroo rats and
improvements would also maintain or increasenesting waterfowl. Grassland also provide an
populations of other species that are dependent onimportant transition habitat between adjacent
grasslandsin the estuary, habitat areas. In addition, health grasslands

provide contributions to flood control function by
slowing and extending storm events and by

INTEGRATION WITH reducing erosion.
OTHER RESTORATION

PROGRAMS This type of habitat is adversely affected by land
use, land conversion, and proliferation of non-
native plant and grass species. Control of exotic

Perennial grasslands as used here is similar to the
upland designation in Madrone Associates (1980)plant species is a significant stressor and control

programs need to be developed for protecting and
restoring perennial grasslands.

~ ~
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STRATEGIC OBJECTIVE. levee setbacks to land acquisition to better
management of existing sites. The major habitat

TARGETS, AND types to be restored include tidal shallow water

PROGRAMMATIC habitat, freshwater emergent wetland, channel
islands and associated habitats, tidal sloughs,ACTI O NS                  nontidal freshwater emergent wetlands, seasonal

upland wetlands, vernal pools and surrounding

~_
The Strategic Subobjective is uplands, riparian forests and associated upland
to protect existing and areas, perennial grassland, and inland dune scrub.
increase the area of perennial In order to make restoration actions systematic
grassland habitat as an and cost-effective, specific objectives need to be
integral component of established for each of the habitat types, as well as

restoring large expanses of all major subsets of them that have distinctive biological
historical habitat types in the Delta, in characteristics, and then priorities set within each
Suisun Bay, Suisun Marsh, and San objective for protection and restoration activities.
Francisco Bay and other areas of the
Central Valley. STAGE 1 EXPECTAT=ONS: A classification

system for Delta, Suisun Bay, Suisun Marsh, and
San Francisco Bay habitats that can be used as a

LONG-T~=RM OBJECTZVE: Restore perennial basis for conservation actions will have beengrasslands in the Delta, Suisun Bay, Suisundeveloped. Specific, numeric objectives should be
Marsh, San Francisco Bay, and other areas of theformulated for each habitat type, with restorationCentral Valley to a substantial fraction of their

objectives based on clearly stated conceptualpre-settlement areas, or to a point where all at-risk
models. Within and among habitat types,species that depend ian the habitats are no longerconservationand restorationactivitiesshouldbe

at risk.                                            prioritized. Work should begin on those projects
given highest priority within a year of adoption of

SHORT-TERM OBJECTIVE: Develop and begin thestrategicplan.
implementation of action plans for restoring large
and significant examples of perennial grasslandsThe general target for perennial grassland is to
in the Delta, Suisun Bay, Suisun Marsh, San in theprotect and restore4,000-6,000 acresFrancisco Bay, and other areas of the CentralSacramento-San Joaquin Delta Ecological
Valley. Management Zone and 1,000 acres in the Suisun

I~o~u~.t.~: All major natural habitat types in
Marsh/North San FranciscoBay Ecological

the Delta, Suisun Bay, Suisun Marsh, and San
Management Zone.

Francisco Bay have been reduced to a smallRestoring, protecting, and improving grasslands
fraction of the area they once occupied, resultingcould be achieved through:
in a large number of at-risk plant and animal
species and an increased susceptibility of thē purchasing land or conservation easements or
remaining areas to irreversible degradation (e.g.,

from willing landowners to protect importantinvasion by non-native species). The reduction existing habitat areas from potential future
trend is continuing and will have to be reversed if degradation,
self-sustaining examples of these habitats, and the
diverse organisms they support, are to persist intō establishing incentive programs to encourage
the future. This reversal will require a large landowners to establish and maintain
number of diverse and localized actions, from perennial grasslands,
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¯ implementing an intensive management
program to control non-native vegetation and
enhance native grasses and other plant
species, and

¯ developing and implementing altematives to
land management practices on public lands
that continue to degrade habitat quality or
inhibit habitat recovery.

Restoring other ecological processes and habitats
proposed by the Ecosystem Restoration Program
Plan (ERPP) would also create opportunities for
the managed reestablishment of grasslands
elsewhere in the Central Valley.
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I
" ¯ AGRICULTURAL LANDS
I cropland is usually the product of extensive

surveying and laser land-leveling activities. Flat

I croplands provide more efficient use of water, less
soil erosion, and higher crop yields. A variety of
fragmented habitats that support various resident
and migratory wildlife species are closely
associated with these agricultural lands and
includes naturally occurring wetland types
(creeks, vernal pools, and gullies).

I INTRODUCTION
Agricultural lands being managed for certain

I Following extensive native habitats loss in thecrops and following certain agricultural pra’ctices
Central Valley to agricultural and urban lands,create wetland-like benefits for certain wildlife.
some wildlife species have adapted to the artificialThese lands can provide significant habitat for

I wetland and upland environments created by somesome wildlife species. Crop type and cultivation
agricultural practices. Once adapted, speciespractices determine the quality of habitats. For
became dependent on these agricultural areas toexample, rice lands support millions of wintering

I sustain their populations, waterfowl using the Central Valley. Lands where
wheat and corn have been harvested, particularly

A major factor that limits this resource’sif they have been shallowly flooded after harvest,

i contribution to the health of the Bay-Delta isalso support large populations of wintering
related to adverse effects of some agriculturalwaterfowl and the State-listed greater sandhill
practices. Clean farming practices reduce thecrane.

i availability and quantity of forage and fence-line
vegetation. Converting production from crops thatMajor stressors that determine the wildlife values
provide relatively high-values for wildlife toprovided by agricultural lands include activities
relatively low-value crop types, displaces or such as water quantity and quality management,

I insufficiently supports species that have adaptedcrop type conversionfrom relativelyhigh-
to the habitat. Converting agricultural lands forwildlife-value crops to relatively low-wildlife-

urban or industrial uses, also reduces or eliminatesvalue crops (e.g., conversion from pastureland

I available habitat, rowcrops to vineyards), the use of"clean farming
techniques," deep postharvest discing, practices

RESOURCE D ESCRI PTION that reduce crop and grain residue within the field,

i cropland management with varied pesticide
application, and the timing of these activities.

Agricultural lands are located throughout theImplementing appropriate land use management

I Central Valley. These lands comprise manytechniques accompanied by reimbursement
different types of agricultural land uses rangingprograms to the agricultural stakeholder can
from non-irrigated grazing land to drip-irrigatedreduce the adverse impacts ofstressors on diverse

I vineyard. The type of crops grown on anyagricultural habitat.
particular parcel are usually dictated by soil type,
topography, and availability of water. Intensively

i managed agricultural lands or croplands are
located on flat or slightly rolling terrain.Flat
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VISION value with little or no change in crop production.

The vision for agricultural lands is to improve INTEGRATION WITH
associated wildlife habitat values to support OTHER RESTORATIONspecial-status wildlife populations and other
wildlife dependent on the Bay-Delta. Protecting PROGRAMS
and enhancing agricultural lands for wildlife
would focus on encouraging production of cropNumerous agricultural habitat improvement
types that provide high wildlife habitat value,projects involving anumberofprojectproponents
agricultural land and water management practicesare proposed and in various stages of development
that increase wildlife habitat value, andthroughout the ecological management zones.
discouraging development of ecologicallySome of the more notable projects are:
important agricultural lands for urban or industrial
uses in the Sacramento-San Joaquin Delta and̄ Stones Lakes National Wildlife Refuge,
Suisun Marsh/North San FranciscoBay Cosumnes River Preserve, and
Ecological Management Zones.

¯ Yolo Bypass Wildlife Management Area.
Protecting and enhancing agricultural lands for
wildlife would focus on encouraging productionThere are also many voluntary landowner
of crop types that provide high wildlife habitat incentive programs that involve various
value, agricultural land and water managementagricultural habitat improvements in the
practices that increase wildlife habitat value, andecological management zones. These include:
discouraging development of ecologically
important agricultural lands for urban or industrial̄ Wetland Reserve Program,
uses in the Sacramento-San Joaquin Delta and
Suisun Marsh/North San Francisco Bay¯ Agricultural Conservation Program,
Ecological Management Zones.

¯ Water Bank Program,
Vegetation management of agricultural lands
could provide wildlife habitat at many locations,̄ Partners for Wildlife,
including rice checks, irrigation ditches, lowlands,
ponds, fallow lands, fence rows, and other areas̄ California Waterfowl Habitat Program,
unsuitable for agricultural land use. Agricultural
crop types that present excellent opportunities for̄ Inland Wetland Conservation Program,
enhancement include rice, alfalfa and pasture,
corn and grain, and certain rowcrops. Enhancinḡ Conservation Reserve Program,
agricultural lands adjacent to existing wildlife
habitat areas, such as refuges, would bē Agricultural-Wildlife Incentive .Program
particularly beneficial. The value of enhanced (CVPIA), and
land could be increased if nearby nonfarmed or
fallow lands were managed to provide other̄ Permanent Wetland Easement Program.
habitats required by wildlife that use agricultural
lands.

In some situations, altering common management
practices can greatly increase wildlife habitat
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Governmental and private agencies andWildlife values of agricultural lands are adversely
agricultural stakeholders involved in currentaffected by water quantity and quality, type of
agricultural land enhancement and agricultural produced, fanning techniques,management crop
include: and application of pesticides.

¯ California Department ofFish and Game, STRATEGIC OBJECTIVE,

¯ Delta Protection Commission TARGETS, AND
PROGRAMMATIC

¯ California Department of Water Resources,
ACTIONS

¯ California Department of Transportation,

~~i~
The Strategic Subobjective is

¯ U.S. Fish and Wildlife Service, to co,manage agricultural
uplands and wetland habitat

¯ U.S. Bureau of Land Management, to provide enhanced wildlife
forage and resting habitat for wintering

¯ U.S. Bureau of Reclamation, and migrating waterfowl, shorebirds, and
other associated wildlife in the Delta.

¯ U.S. Natural Resources Conservation Service,

¯ Ducks Unlimited agricultural LONG-TERM OBJECTIVE:Prevent
land near or adjacent to restored habitats from

¯ Valley Care (Ducks Unlimited),                  being converted to urban and suburban uses likely
to have a negative effect on natural areas, while
encouraging agricultural practices that favor birds¯ Central Valley Habitat Joint Venture,             and other wildlife and that minimize run-off of

¯ The Nature Conservancy, contaminantsintonearbywaterways.

¯ resource conservation districts,                  SHORT-TERM OBJECTIVES." Identify agri-
cultural lands in the region that are likely to have
strong interactions with nearby wetlands, riparian¯ farm bureaus, areas, or aquatic habitats or that are important as
habitat for waterfowl and other birds. Acquire

countyagriculturalcommissions,
conservation easements on high priority lands and
provide incentives to farmers to use farming¯ and various county land planning agencies, methods and crops that are favorable to wildlife.

LI N KAGE WITH OTHER RATIONALE-" The Bay-Delta watershed is one of

ECOSYSTEM ELEMENTS the most productive agricultural areas in the
world, so agricultural lands and practices will

Agricultural lands are an important habitat foralways have a big influence on natural habitats in

many migratory wildlife species, particularly forthe area. The agricultural land is important as

wintering waterfowl and the State-listed greaterwinter feeding grounds for sandhill cranes,
various species of geese, and many ducks. It issandhill crane.
also frequently important for foraging raptors,
such as Swainson’s hawk, and other birds. These
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benefits are lost if the land becomes urbanized and̄ retaining a percentage of the unharvested crop
intense land use disturbs or alters adjacent in the agricultural field would enhance the
wetlands or aquatic systems. The negative aspects value of flooding.
of modem agriculture from an ecological
perspective include its heavy use of pesticides, itsIncidental benefits to agricultural stakeholders
efficiency of crop harvest (leaving little forfrom improving conditions for wildlife would be:
wildlife), its capacity to change land use quickly
(e.g., from row crops to vineyards) and its ability¯ groundwater recharge to aquifers used for
to use every scrap of available land. Thus, ideally, summer irrigation,
there should be a buffer zone of agricultural land

¯ leaching salts from soils,that is farmed in environmentally friendly ways
between the natural habitats and more industrial .
agriculture lands or urban areas. ¯ biological decomposition of crop residue,

Managing significant areas of agricultural lands in
¯ reduction in soil erosion, and

the Delta in a wildlife friendly manner will help̄ create an opportunity for cash income from
offset some of the effects of other restoration hunting and increase esthetic values, both of
actions which will convert other agricultural lands which may increase property values.
in the Delta to tidal wetlands thus reducing their
value to species such as the greater sandhill craneProtecting and enhancing agricultural lands would
or the Swainson’s hawk. be achieved through participation and cooperation

with agricultural stakeholders, including farmers,
STAGE 1 EXPECTATIONS: High priority ranchers, and other landowners and lessees.
agricultural lands should be identified and theMechanisms to protect and enhance agricultural
process begun to acquire easements from willinglands include various multi year agreements,
sellers; incentive programs should be developedconservation easements, and purchases through
and implemented to encourage the planting ofspecific payment programs between resource
crops favored by wildlife and to farm in ways thatagencies and willing participants.
minimize environmental damage to adjacent areas.

The general target for agricultural land is to
REFERENCE

cooperatively manage 40,000-75,000 acres forStrategic Plan for Ecosystem Restoration. 1999.
agriculture and wildlife in the Sacramento-San Appendix to the CALFED Bay-Delta Program
Joaquin Delta Ecological Management Zone.              Environmental     Impact     Statement

/Environmental Impact Report. June 1999.
Actions that would help increase wildlife quality
include:

¯ deferring fall tillage until later in the year can
increase the quantity of forage on cornfields
for waterfowl and greater sandhill cranes,

¯ shallow flooding of seasonal croplands in
fall/winter can greatly increase the availability
of forage for wintering waterfowl
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) SPECIES AND SPECIES GROUP VISIONS

I NTRODUCTION

This section presents visions for species and
species group ecosystem elements. Species and
species groups included occur in or are dependent
on the Bay-Delta. Many of these species are listed
or candidate species for listing as threatened or
endangered under the California Endangered
Species Act (CESA), listed or proposed for listing
under the federal Endangered Species Act (ESA),
or designated as a species special concern byof
the California Department of Fish and Game
(DFG), or the U.S. Fish and Wildlife Service
(USFWS). Visions were also created for important
recreational or commercial species. Table 12
identifies important fish and wildlife species and
species groups and associated strategic objectives.
Table 13 presents the basis for selecting each
species or species group as an ecosystem element.
Species are grouped by the following Strategic
Plan Goals: Proposed population targets and programmatic

actions to help achieve targets are also included in

~ GOAL 1: Achieve recovery of at-risk native visions. "Ecosystem Restoration Program Plan,

species dependent on the Delta and Suisun Volume II: Ecological Management Zone
Visions" contains more specific objectives,Bay as the first step toward establishing

large, self-sustaining populations of these targets, and programmatic actions for each species

species; support similar recovery of at-risk by specific geographic zone. Table 14 identifies

native species in San Francisco Bay and the which ecological management zone(s) in which

watershed above the estuary; and minimize the species are treated in more detail.

the need for future endangered species
Consistent with the Strategic Plan, this section islistings by reversing downward population
divided into five sections which correspond withtrends of native species that are not listed,
the classification system used for Strategic

¯ GOAL 3: Maintain and enhance populations Objectives. Four of the classes fall under

of selected species for sustainable Strategic Goal 1, and the remaining class is linked
to Goal 3. The divisions follow:commercial and recreational harvest,

consistent with the previous goal
¯ HIGH PRIORITY AT-RISK SPECIES

(Priority Group I): These are at-risk species,Visionsdescribewhat theEcosystemRestoration
Program hopes to achieve for each species and most of which are listed or proposed for

species group, how the vision is to be achieved listing under the State or federal ESA, and

through restoring ecological processes and whosemanagementfor restorationimplies

habitats and reducing the effects of stressors,          substantial manipulations of the ecosystem
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(e.g., requiring large amounts of fresh water atNot all covered species are within the ERP focus
certain times of the year), area and thus are not reflected in the ERP. For

¯ example, the giant kangaroo rat is a covered
¯ AT-RISK NATIVE SPECIES (Priority Group species but classed a species which occurs in areas

II): These are at-risk native species dependentthat would not be affected by CALFED actions. It
the Bay-Delta system whose restoration is is included in the Conservation Strategy becauseon

not likely to require large-scale manipulationsit is federally or State-listed as an endangered,
of ecosystem processes because they havethreatened, rare, or fully protected species.
limited habitat requirements in the estuary and
watershed (e.g., brackish water plants). The ERP includes species whose range is entirely

or nearly entirely with the Study Area such as
¯ AT-RISK UPSTRVm~d~I NATIVE SPECIES delta smelt, species for which CALFED actions

(Priority Group III): These are at-risk species affect only a limited portion of their range such as
that primarily live upstream of the estuary orlittle willow flycatcher, and species expected to be
in local watersheds of San Francisco Bay. minimally affected by CALFED actions such as

the California freshwater shrimp.
¯ DECLINING NATIVE SPECIES (Priority

Group IV): These are native species in theConservation Strategy species designations of
estuary and watershed not yet at risk ofrecover (R), contribute to recovery (r), and
extinction that have the potential to achievemaintain (m) are described earlier in this volume
that status if steps are not takes to reverse(Page 39).
their declines or keep populations at present
levels. Their rehabilitation either does notThe reader should refer to the Multi-Species
depend on conditions in the Bay-Delta systemConservation Strategy report and appendices for
or depends on unknown factors, complete information regarding the basis, scope,

and content of the Strategy.
¯ HARVESTED SPECIES: These are species

that support recreational and commercial
harvest not already covered by the previous
classes.

LINKAGE TO
CONSERVATION

STRATEGY

The Multi-Species Conservation Strategy
addresses all federally and State listed, proposed,
and candidate species that may be affected by the
CALFED Program; other species identified by
CALFED that may be affected by the Program
and for which adequate information is available
also are addressed in the Strategy. The term
"covered species" is used to refer to all of the
species addressed by the Conservation Strategy.
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Table 12. Strategic Plan Goals, Objectives and Multispecies Conservation Strategy (CS)
Designation for Ecosystem Restoration Program Species and Species Groups.

Strategic Plan Goal 1.
Achieve recovery of at-risk native species dependent on the Delta and Suisun Bay as the j~rst
step toward establishing large, self-sustaining populations of these species; support similar
recovery of at-risk native species in San Francisco Bay and the watershed above the estuary;
and minimize the need for future endangered species listings by reversing downward population
trends of native species that are not listed.

Priority Group I. At-risk species, most of which are listed or proposed for listing under the State or
federal ESA, and whose management for restoration implies substantial
manipulations of the ecosysten~

Species CS1 Strategic Plan Objective

Delta Smelt R Restore delta smelt to the Delta and Suisun Bay

Longfin Smelt R Restore longfin smelt to the Delta and Suisun Bay.

Green Sturgeon R Restore green sturgeon to the Delta and Suisun Bay.

Splittail R Restore splittail to the Delta, Suisun Bay, and the Central Valley.

Sacramento Winter-run          Restore winter-run chinook salmon to the Sacramento River and theR
Chinook Salmon Bay-Delta estuary.

Sacramento Spring-run
R

Restore spring-run chinook salmon to Central Valley streams and the
Chinook Salmon Bay-Delta estuary.

Sacramento Late-fall-runR Restore late-fall-run chinook salmon to Central Valley streams and
Chinook Salmon the Bay-Delta estuary.

Fall-run Chinook Salmon RRestore self-sustaining fall-run chinook salmon to Central Valley
streams and the Bay-Delta estuary.

Steelhead Trout Restore self-sustaining Central Valley steelhead to Central ValleyR
streams and the Bay-Delta estuary.

Priority Group II: At-risk native species dependent on the Bay-Delta system whose restoration is
not likely to require large-scale manipulations of ecosystem processes because
they have limited habitat requirements in the estuary and watershed

NC Restore anadromous the Delta and SuisunLampreyFamily lampreysdependenton
Bay.

Califomia Clapper Rail r Restore California clapper rail.

California Black Rail r Restore a self-sustaining population of California black rail within its
historical range.

Swainson’s Hawk r Restore Swainson’s hawk populations.

~ ~
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Species CS~                    Strategic Plan Objective

Suisun Song Sparrow R Restore the population of Suisun song sparrow to representative
habitats within its range.

Alameda Song Sparrow NC Increase habitat for Alameda song sparrow in the southern San
Francisco Bay region. _

Salt Marsh Harvest r Restore salt marsh harvest mouse populations to tidal marsh within
Mouse its historical range.

1
Suisun Ornate Shrew R Restore Suisun ornate shrew to representative habitats within its

historical range.
!

San Pablo California r Maintain current San Pablo California vole population and conduct
Vole further research into vole genetics.

Perennial Grassland NC Preserve and restore perennial grassland habitat in conjunction with
Special Status Plant restoration of wetland and riparian habitats.
Species

I¯ Fragrant fritillary
¯ Recuvred larskspur

Tidal Brackish and Restore at-risk endemic tidal brackish and freshwater tidal marshI
Freshwater Marsh plants.
Special Status Plant
Species I
¯ Mason’s lilaeopsis R
¯ Suisun Marsh aster R
¯ Bristly sedge r |
¯ Mad-dog skullcap m
¯ Suisun thistle R ¯
¯ Soft bird’s beak R 1
¯ Rose-mallow m
¯ Delta tule pea r ¯
¯ Delta mudwort r 1
Aquatic Habitat Special Maintain eel-grass pondweed in nontidal perennial aquatic habitats in
Status Plant Species the Bay-Delta estuary.
¯ Eel-grass pondweed    m

!
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!
Species          CS1                     Strategic Plan Objective

Vernal Pool Special Maintain or contribute to the recovery of at-risk endemic vernal pool
Status Plant Species species.
¯ Colusa grass m

I ¯ Boggs Lake hedge- m
hyssop

¯ Contra Costa

I Goldfields m
¯ Legenere m
¯ Alkali milkvetch r

i ¯ Dwarf downingia NC
¯ Crampton’s tuctoria r
¯ Heartscale m

i           Inland Dune Special             Recover at-risk inland dune special status plants.
Status Plan Species
¯ Antioch Dunes

I evening-primrose R
¯ Contra Costa

wallflower R
I Valley Elderberry R Increase and maintain habitat to recover valley elderberry longhorn

Longhorn Beetle beetle.

Priority Group III: At-risk species that primarily live upstream of the estuary or in local
watersheds of San Francisco Bay.

i Sacramento Perch r Restore Sacramento perch within its native range.

Riparian Brush Rabbit r Restore riparian brush rabbit throughout its historical range.

I San Joaquin Valley r Restore San Joaquin Valley woodrat to theextentthe full of its
Woodrat habitat.

I Greater Sandhill Crane r Increase the greater sandhill crane populations in the Central Valley.

Western Least Bittern m Restore wintering populations of western least bittern in the Central
Valley to historic levels.

Least Bell’s Vireo r Restore Least Bell’s vireo to representative habitats throughout its
former range.

California Yellow r Restore and protect habitats used by neotropical migrant birds for
Warbler breeding and forage in the Central Valley.

I Western Yellow-Billed r Restore populations of yellow-billed cuckoo throughout its historical
Cuckoo range in the Central Valley.

I Bank Swallow r Increase the number of breeding colonies of bank swallow in the
Central Valley.

i
~ ~
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Species CS~ Strategic Plan Objective

Little Willow Flycatcher r Restore little willow flycatcher populations to habitats throughout its
former range in Central California.

Native Anuran Restore native anuran amphibians throughout the Central Valley.
Amphibians

California Red-legged m Restore California red-legged frog to representative habitats
Frog throughout its former range.

California Tiger m Restore California tiger salamander to representative habitats
Salamander throughout its range.

Giant Garter Snake r Restore populations of giant garter snake to its historical range.

Western Pond Turtle m Restore self-sustaining populations of western pond turtle to habitats
throughout the Central Valley.

Delta Green Ground r Restore Delta green ground beetle to multiple populations within its
Beetle presumed natural range.

Lange’s Metalmark m Restore Lange’s metalmark butterfly to multiple populations within
Butterfly its natural range.

California Freshwater m Restore populations of California freshwater shrimp throughout its
Shrimp former range.

Priority Group IV: Native species in the estuary and watershed not yet at risk of extinction that have
the potential to achieve that status if steps are not takes to reverse their declines
or keep populations at present levels.

Native Resident Fish Reverse the decline of native resident fishes.
Species
¯ hardhead r
¯ other species NC

Migratory Waterfowl NC Enhance populations of waterfowl for harvest by hunting and for non-
consumptive recreation.

Game NC Maintain healthy populations and restore habitats that promote theUpland
expansion of populations at levels that can support both consumptive
and nonconsumptive uses and provide additional opportunities for
those uses.

Shorebird Guild NC Ensure that members of the shorebird guild continue to be abundant,
diverse, and important members of the local fauna.

Wading Bird Guild NC Maintain or expand populations of bird species that are members of
the wading bird guild.

I
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Species CSI Strategic Plan Objective

Neotropical Migratory NC Restore and protect habitats used by neotropical migrant birds for
Birds breeding and forage in the Bay-Delta watershed.

Western SpadefootToad m Restore spadefoot toad populations to representative habitats
throughout its range.

Planktonic Organisms NC Restore assemblages of planktonic organisms in the Delta and Suisun
Bay to states of increased abundance and predictability ingreater
composition.

Aquatic Habitat Plant NC Increase the amount of aquatic habitat plant communities in the Delta
Community Group to provide habitat for pondweeds with floating and submerged leaves.

Tidal Brackish and NC Protect and enhance existing tidal brackish and freshwater marsh
Freshwater Marsh habitat plant communities by restoring tidally influenced marsh areas
Habitat Plant Community in the Delta.
Group

Seasonal Wetland NC Restore and manage seasonal wetland habitat plant communities in
Habitat Plant Community the Delta.
Group

Inland Dune Habitat NC Improve low- to moderate-quality inland dune habitat to support
Plant Community Group special-status plant and animal species and other associated plant and

wildlife species.

Tidal Riparian Habitat NC Restore and enhance tidal riparian vegetation along largely non-
Plant Community Group vegetated, riprapped banks of Delta island levees, the Sacramento and

San Joaquin rivers, and their major tributaries.

Strategic Plan Goal 3.Maintain and enhance populations of selected species for sustainable
commerctal and recreational harvest consistent with the previous goal

White Sturgeon NC Enhance fisheries for white sturgeon.

Striped Bass NC Maintain fisheries for striped bass.

American Shad NC Maintain fisheries for American shad.

Non-native Warmwater NC Maintain fisheries for non-native warmwater gamefishes.
Gamefish

Pacific Herring NC Enhance fisheries for Pacific herring.

Grass Shrimp NC Maintain fisheries for grass shrimp in the San Francisco Bay.

Signal Crayfish NC Maintain fisheries for signal crayfish in the Delta.

1. CS = Conservation Strategy, R = Recover, r = contribute to m = maintain,recovery,
NC = Not Covered.
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Table 13. Basis for Selection of Species and Species Group Ecosystem Elements.

Species and
Species Groups Basis for Selection as an Ecosystem Element

Delta Smelt The delta smelt is a native estuarine resident fish that has been listed as threatened
under the California and federal Endangered Species Acts.

Longfin Smelt The longfin smelt is a native estuarine resident species and is designated as a species
of special concern by DFG and a species of concem by USFWS.

Green Sturgeon The green sturgeon is designated as a species of special concern by DFG and a
species of concern by USFWS.

Splittail The splittail is a native resident fish that is listed under the federal Endangered
Species Act and a candidate for listing under the California Endangered Species Act.
The splittail also supports a small winter sport fishery in the lower Sacramento
River.

Sacramento The chinook salmon is an important native anadromous sport and commercial fish
Winter-run with important ecological value. The winter-run race is listed as endangered under
Chinook Salmon the California and federal Endangered Species Acts.

Sacramento The chinook salmon is an important native anadromous sport and commercial fish
Spring-run with important ecological value. The spring-run race on the Sacramento River is

, Chinook Salmon listed as a threatened species under CESA and proposed for listing under the ESA.

Fall-run Chinook The chinook salmon is an important native anadromous sport and commercial fish
Salmon with important ecological value. The fall-run race is the largest population of

chinook salmon on the Sacramento River. It is proposed for listing under the ESA.

Sacramento Late- The chinook salmon is an important native anadromous sport and commercial fish
fall-run Chinook with important ecological x~alue. The late-fall-run race on the Sacramento River is
Salmon proposed for listing under the ESA.

Steelhead Trout The steelhead is an important native anadromous sport fish of high recreational and
ecological value. The Central Valley Steelhead Evolutionarily Significant Unit is
listed as threatened under the ESA.

Lamprey Family Anadromous lamprey is an important native anadromous fish of high ecological
value. The status, abundance, and dislribution of anadromous lamprey is unknown.

Califomia ClapperThe California clapper rail is listed as endangered under the California and federal
Rail ESAs.

California Black The California black rail is listed as threatened under the California ESA.
Rail

Swainson’s Hawk The Swainson’s hawk is listed as threatened under the California ESA.

Suisun Song The Suisun song sparrow is a species of special concern.
Sparrow
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!
Species and

Species Groups Basis for Selection as an Ecosystem Element

Alameda Song The Alameda song sparrow is a California species of special concern.
Sparrow

Salt Marsh The salt marsh harvest mouse is listed as endangered under the Califomia and
Harvest Mouse federal ESAs.

Suisun Ornate The Suisun ornate shrew is a species of special concern.
Shrew

San Pablo The San Pablo California vole is a California species of concern.
California Vole

Special-status Special-status plant species include plants associated with a wide variety of habitats
Plant Species including perennial grasslands (fragrant fritilhry, larkspur), brackishrecurved tidal

and freshwater marsh complexes (Mason’s lilaeopsis, Suisun Marsh aster, bristly
sedge, mad-dog skullcap, Suisun thistle, soft bird’- beak, rose-mallow, Delta tule pea
and Delta mudwort), aquatic habitat associated with shorelines of rivers and the
Delta (eel-grass pondweed), vernal pools (Colusa grass, Boggs Lake hedge-hyssop,
Contra Costs goldfields, alkali milk-vetch, dwarf downingia, Crampton’s tuctoria,
and heartscale), and inland dunes (Antioch Dunes evening primrose, Contra Costa
wallflower). Protection, enhancing, or restoring these special-status plant species
will necessarily rely on protecting, enhancing, and restoring the appropriate type of
habitat.

Valley Elderberry The valley elderberry longhorn beetle listed as threatened under the federal ESA.
Longhorn Beetle

Sacramento PerchThe Sacramento perch is a California species of special concern.

Riparian Brush The riparian brush rabbit is listed as endangered under the California ESA.
Rabbit

San Joaquin The San Joaquin Valley woodrat is proposed for endangered status under the ESA
Valley Woodrat and is a California species of special concern.

Greater Sandhill The greater sandhil! crane is listed as a threatened species under CESA.
Crane

Western Least The western least bittern is a California species of special concern.
Bittern

Least Bell’s Vireo Least Bell’s vireo is listed as endangered under ESA and CESA.

California Yellow The Califomia yellow warbler is a California species of special concern.
Warbler

Western Yellow- The western yellow-billed cuckoo is listed as endangered under the CESA.
billed Cuckoo
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Species and
Species Grou, ps Basis for Selection as an Ecosystem Element

Bank Swallow The bank swallow is listed as threatened under the CESA.

Little Willow The little willow flycatcher is listed as an endangered species under CESA.
Flycatcher

~ Western The western spadefoot toad is an amphibian designated as species of special
Spadefoot Toad concern.

California Red- The California red-legged frog is listed as a threatened species under the federal
legged Frog ESA.

California Tiger The California tiger salamander is an amphibians designated as species of special
Salamander concern.

Giant Garter The giant garter snake is listed as threatened under the California and federal ESAs.
Snake

Western Pond The western pond turtle is designated as a species of special concern and a species
Turtle of concern by DFG and USFWS, respectively.

Delta Green The delta green ground beetle is listed as endangered under the federal ESA.
Ground Beetle

Lange’s The Lange’s metalmark is listed as endangered under the federal ESA.
Metalmark
Butterfly

California The California freshwater shrimp is listed as an endangered species under ESA.
Freshwater
Shrimp

: Native Resident Resident fish species of the Delta include native and non-native species and are
Fishes important ecologically and as indicators of ecosystem health. Some native species

are important elements of the foodweb; others are important predators. Native
resident fish have been in decline as a percentage of total fish species abundance in
tributaries of the Bay-Delta/Central Valley watershed. Some non-native species are
considered beneficial as prey species for other fish or as sport fish. Other species
are considered undesirable because they compete with or are predators on native
fish. Wakasagi is a close relative to delta smelt and could threaten the delta smelt
population by interbreeding or by competing for habitat.

Bay-Delta Foodweb organisms are essential for the survival and productivity of fish,
Foodweb shorebirds, and other higher order animal populations in the Bay-Estuary.
Organisms
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I
Species and

I Species Groups Basis for Selection as an Ecosystem Element

Shorebird and Many species of shorebirds and wading birds migrate through, winter, or breed in
Wading Bird the Bay-Delta. These species are significant components of the ecosystem, are of

I Guild high interest to recreational bird watchers, and contribute to California’s economy
through sales of equipment and other bird-watching-related expenditures.

i Migratory Many species of waterfowl migrate through, winter, or breed in the Bay-Delta.
Waterfowl Waterfowl are significant components of the ecosystem, are of high interest to

recreational hunters and bird watchers, and contribute to California’s economy

i through the sale of hunting and related equipment.

Neotropical Many species of neotropical migratory birds migrate through or breed in the Bay-~

Migratory Birds Delta. These species are significant components of the ecosystem, are of high

i interest to recreational bird watchers, and contribute to California’s economy
through sales of equipment and other bird-watching-related expenditures.

i Upland Game Upland game species are of high interest to recreational hunters in the Bay-Delta and
contribute to California’s economy through the sale of hunting-related equipment
and expenditures.

i Plant Community Plant community include aquatic habitat plant communities (pondweeds withgroups
Groups floating and submerged leaves), tidal brackish and freshwater marsh plant

communities (pickleweed series, saltgrass series, bulrush series, cattail series, and

I common reed series), seasonal wetland plant communities (northern claypan vernal
pool communities, northern hardpan vernal pool communities, inland dune plant
communities (Antioch Dunes plant community), and tidal riparian habitat plant

i communities (black willow series, narrowleaf willow series, white alder series,
buttonbush series, Mexican elderberry series, and valley oak series).

i White Sturgeon The white sturgeon is an important native anadromous sport fish with high
recreational and ecological value.

Striped Bass The striped bass is an important non-native anadromous sport fish with high

I recreational value. It also plays an important role as a top predator in the aquatic
system.

American Shad The American shad is an important non-native anadromous sport fish with high
recreational value.

Non-native Non-native warmwater gamefishes provide abundant opportunities for recreationalI Warmwater angling.
Gamefish

I Pacific Herring Pacific herring support the most valuable commercial fishery in San Francisco Bay.

Grass Shrimp Grass shrimp support bait fisheries in the Bay.

The signal crayfish isintroduced species that a small commercialSignalCrayfish supports
fishery, as well as a sport fishery, in the Delta.
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i
Table 14. Ecological Management Zones in Which Programmatic Actions Are Proposed That i

Will Assist in the Recovery of Species and Species Groups.

[Note: Refer to Volume II: Ecological Management Zond Visions for information !
regarding specific targets and actions.]

Species and Ecological Management Zone1 i
Species Group

Visions 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Delta Smelt ¯ ¯ i

Longfin Smelt ¯ ¯
I

Green Sturgeon ¯ ¯ ¯ ¯ ¯

Splittail ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ i
Winter-run ¯ ¯ ¯ ¯ ¯ m
Chinook Salmon |
Spring-run ¯ ¯ ¯ ¯ ¯ ¯
Chinook Salmon

I
Fall-run Chinook
Salmon (including ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯
late-fall-run) |
Steelhead Trout ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

Lamprey ¯ . . . . . . . . . . . .
California ¯ iClapper Rail

California Black
Rail

¯ ¯
i

Swainson’s ¯ ¯                                          ¯    ¯    ¯    ¯    ¯
Hawk

!
Suisun Song ¯
Sparrow

IAlameda Song ¯
Sparrow

Salt Marsh i¯
Harvest Mouse

Suisun Ornate ¯ i
Shrew
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Species and Ecological Management Zone~
Species Group

Visions 1 2 3 4 5 6 7 8 9 10 11 12 13 14

San Pablo
California Vole

¯

Special-status ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯
Plant Species

Valley
Elderberry ¯ ¯ ¯ ¯ ¯
Longhorn Beetle

Riparian Brush
Rabbit

San Joaquin ¯ ¯ ¯
Valley Woodrat

Sacramento
Perch

Greater Sandhill
Crane

WesternYellow-
Billed Cuckoo

Bank Swallow ¯

Western Least
j Bittern

I Least Bell’s
Vireo

California
Yellow Warbler

Little Willow ¯ ¯ ¯ ¯ ¯
Flycatcher

GiantGarter
Snake

California Tiger    ¯
Salamander

Western ¯
Spadefoot Toad
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!
Species and Ecological Management ZoneI --

Species Group

nVisions 1 2 3 4 5 6 7 8 9 10 11 12 13 14

California Red-
Legged Frog

¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

n
Native Anuran ¯ ¯                      ¯    ¯          ¯          ¯    ¯    ¯    ¯
Amphibians

IWestern Pond ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯
Turtle

Delta Green I
Ground Beetle

Lange’s I
Metalmark ¯ ¯
Butterfly

ICalifornia
Freshwater ¯
Shrimp

!
Native Resident ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯
Fish Species

IBay-Delta
Foodweb ¯ ¯
Organisms

I
Shorebird and
Wading Bird ¯ ¯ ¯
Guild

Waterfowl        ¯ ¯                   ¯ ¯ ¯ ¯        ¯ ¯ ¯ ¯           N

Neotropical ¯
MigratoryBird ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯
Guild

Upland Game ¯ ¯ ¯ ¯ ¯ ¯ ¯
N

Plant Community ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯
Groups

i
Striped Bass ¯ ¯ ¯ ¯ ¯ ¯

White Sturgeon    ¯ ¯ ¯                        ¯                   ¯
m

I
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Species and Ecological Management Zone1
Species Group

Visions 1 2 3 4 5 6 7 8 9 10 11 12 13 14

American Shad ¯ ¯ ¯ ¯ ¯ ¯

Non-native
Warmwater ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯
Gamefish

Pacific Herring ¯

Signal Crayfish ¯ ¯

Grass Shrimp ¯

1 = Sacramento-San Joaquin Delta 8 = Feather River/Sutter Basin
2 = Suisun Marsh/North San Francisco Bay 9 = American River Basin
3 = Sacramento River 10 = Yolo Basin
4 = North Sacramento Valley 11 = Eastside Delta Tributaries
5 = Cottonwood Creek 12 = San Joaquin River
6 = Colusa Basin 13 = East San Joaquin Basin
7 = Butte Basin 14 = West San Joaquin Basin
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I
¯ HIGH PRIORITY AT-RISK SPECIES

!
INTRODUCTION HIGH PRIORITY AT-RISK SPECIES (Priority

I Group I): These are at-risk species, most of which

The Strategic Plan for Ecosystem Restorationare listed or proposed for listing under the State or
federal ESA, and whose management forpresents 6 goals to guide the implementation of

I restoration actions during the 20-30 year program,restoration implies substantial manipulations of

The first Strategic Goal focuses on at-risk species:the ecosystem (e.g., requiring large amounts of
fresh water at certain times of the year).

I GOAL I: Achieve recovery of at-risk native
species dependent on the Delta and Suisun Species in the Priority 1 group include:

Bay as the first step toward establishing
¯ Delta smeltI large, self-sustaining populations of these

species; support similar recovery of at-risk ¯ Longfin smeltnative species in San Francisco Bay and the

I watershed above the estuary; and minimize
the need for future endangered species ¯ Green sturgeon

listings by reversing downward population

I trends of native species that are not listed. ¯ Splittail

¯ Sacramento winter-run chinook salmon

i Because there are so many species covered under
this goal, they have been divided into four groups

¯ Central Valley spring-run chinook salmon

in terms of priority for CALFED attention. Many ¯ Late-fall-run chinook salmonare "at-risk" species, which are in danger of
I extinction if present trends continue. ¯ Fall-run chinook salmon

i FIRST PRIORITY SPECIES are at-risk fishes, most
of them listed under the ESA or proposed for

¯ Central Valley steelhead.

listing, whose management for restoration is likely
to have large-scale effects on ecosystem

I functioning (e.g., requiring large amounts of
freshwater at certain times of year). First priority
species are species for which CALFED takesI major responsibility recoveryfor their and
removing them from the threat of extinction, at a
minimum.

I          The objectives and expectations for this goal are

narrowly aimed, for the most part, on actions that
benefit individual at-risk species. In the shortrun,
this is appropriate because ecosystem restoration
requires that we keep all the pieces around for the

I rebuilding process.
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DELTA SMELT

1-year life span and relatively low reproductive
rate make its population abundance sensitive to
short-term habitat changes. As a consequence, the
population abundance of delta smelt is
characterized by sharp declines followed by
dramatic recovery. Low abundance through the
drought years (1987-1992) indicated need for
actions to restore the delta smelt population. Delta
smelt are considered environmentally sensitive
because the have a one year life cycle, unusually

| NTRODUCTION low fecundity, a limited diet, and reside primarily
within the interface between salt and freshwater.

The delta smelt is a native estuarine resident fish.During the late winter to early summer, delta
Delta smelt are found mainly in the waters of thesmelt migrate to freshwater to spawn. Females
Sacramento-San Joaquin Delta and in Suisun andonly produce between 1,000 and 2,600 eggs which
San Pablo Bays. They are found only in thesink to the bottom and attach to the substrate.
Sacramento-San Joaquin Estuary. Delta smelt areSpawning habitat includes shallow freshwater
most abundantinMontezumaSlough, SuisunBay,sloughs and edge waters with firm substrate,
and the western Delta, but beginning in Decembersubmerged vegetation, and woody debris. Rearing
and continuing through perhaps June 30, migratehabitat includes shallow freshwater and low

salinity (less than 6-8 ppt salinity) habitats thatupstreamand are moreabundantin theDelta.
They have been found as for upstream as the
mouth of the American River on the Sacramento

provides a protective, food-rich environment.
Such habitats include shallow bays, tidal sloughs,

River as Mossdale on the San Joaquin River.
shoals, shorelines, and marsh channels.Human-caused adverse habitat modifications

reduced delta smelt populations resulting in its      Land reclamations ¯ in the Bay-Delta have

diminished the quality and quantity of shallow-listing threatenedunderState and federal

Endangered Species Acts                           water, marsh-slough habitat. Remaining shallow-
water, low-salinity habitat is further reduced in

Major factors that limit this species’ contributiondry-water years because, of extensive water
to the health of the Delta are adverse effects ofdiversions from the Delta.
low Delta outflow, poor foodweb productivity,
reduced low-salinity habitat, losses to waterPopulation abundance during 1993 and 1995
diversions, poor spawning habitat, and potentially(relative to abundance during the 1987-1992
higher concentrations of toxins, drought) suggests that recovery potential may be

high. Sharp population decline during drought
RESOURCE DESCRIPTION conditions (as in 1994), however, illustrates the

potential threat of poor conditions to the species’
Delta smelt are native to the Sacramento-Sansurvival under existing habitat and stressor
Joaquin Delta estuary and represent an important
component of the historic native fish fauna and
Bay-Delta foodweb (i.e., as a prey species for
species such as chinook salmon). Delta smelt’s
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habitat that meets the salinity needs of the delta
smelt, similar to effects on other Delta fish species
such as striped bass, longfin smelt, and590
Sacramento splittail. Habitat location is shifted
upstream from the relatively shallow, productive
bays, marshes, and sloughs of Suisun Bay and
into the narrow, deeper, and less-productive
channels of the Delta.

t00 The upstream shift also increases exposure to
0 Delta water diversions. Water is drawn from the

1967 1970 1973 1976 1979 1982 1985 1988 1991 Delta by hundreds of small agricultural diversions,

Abundance Data for Delta Smelt fi’om DFG Central Valley Project (CVP) and State Water

September.and October Fall Mid Water Trawl Project (SWP) South Delta export pumps, and
Survey (USFWS 1996) Pacific Gas & Electric (PG&E) power generation

facilities. During most years, large numbers of
delta smelt are lost to Delta diversions.

conditions. A preliminary low abundance index in
1996, a wet year, is further cause for concern. TheFood availability, toxic substances, competition
fall mid water trawl (FMWT) is best measure of and predation (particularly from non-native
delta smelt abundance (Sweetnam and Stevensspecies), and loss of genetic integrity through
1993) as it measures the abundance of pre-hybridization with the introduced Japanese pond
spawning adults. September and Octobersmelt (wagasaki) also are other factors believed to
abundances of adults were chosen as theyinfluence smelt abundance.
represent the months most continuously samples
during the last 30 years. It includes cumulativeOverall, the threats to the population, in
data for 35 sampling stations, decreasing order of importance, are:

Delta smelt tolerate a wide range of salinity but̄ reduction in outflow from the Estuary,
are most abundant in the Bay-Delta estuary, where
salinity is around 2 parts per thousand (ppt).̄ entrainment to water diversions,
Spawning occurs in freshwater in the upstream
areas of the Delta. Construction of levees in thē extremely high outflow,
1800s created narrow channels and eliminated
vast areas of marshes and interconnecting sloughs.¯ changes in food organisms,
Marshes and adjoining sloughs are very
productive and support an abundance of̄ toxic substances,
zooplankton, on which delta smelt feed, and are
important as spawning and rearing habitat for thē disease, competition, and predation, and
species.

¯ loss of genetic integrity by hybridization with
Reduced freshwater outflow during the late winter introduced wagasaki.
and spring of dry years allows saltwater to move
farther upstream in the estuary than during wet
years. This reduces the amount of low-salinity
habitat for delta smelt. The increased upstream
saltwater movement changes the location of
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I
VISION RECOVERY GOALS

I The vision for delta smelt is to recover this State- The basic strategy for the recovery of delta smelt
and federally listed threatened species in order to is to manage the estuary is such a way that it is a

I contribute to the overall species richness and better habitat for native fish in general and delta
diversity of the Bay-Delta. Achieving this vision smelt in particular (U.S. Fish and Wildlife Service
will reduce the conflict between protection for this 1996). Improved habitat will allow delta smelt to

I species and other beneficial water uses in the Bay- be widely distributed throughout the Delta and
Delta. Increases in the population and distribution Suisun Bay. Recovery of delta smelt will occur in
of delta smelt can be realized through habitat two phases, restoration and delisting. Restoration
restoration accompanied by reductions in is defined as a return of the population to pre-I stressors, levels, delisting is not recommendeddecline but

until the population has been tested by extreme
Delta smelt would benefit from the many expected outflows. Delta smelt will be considered restoredI in and       when its and distributionimprovements ecosystem processes populationdynamics
habitats, and reductions in stressors. These pattern within the estuary are similar to those that
improvements will result from the wide variety of existed in the 1967-1981 period.

I actions proposed for the Delta and Suisun Bay.
Improvements in streamflow (Delta inflow and REeO~Em" CRITEat~: Restoration of delta smelt
outflow) would better attract adults to spawning will be evaluated on distributional and abundance

I habitat, ensure transport or movement of larvae criteria. Distributional criteria include:
and early juveniles to productive rearing habitat,
and maintain productivity and suitability of ¯ catches of delta smelt in all zones during 2 of

I spawning and rearing habitat (including 5 consecutive years.
production of food). Additional freshwater flow
could be provided reservoir releases during spring ¯ in at least two zones in 1 of the remaining 3

I to maintain salinity requirements of delta smelt in years, and
areas that are good nurseries of delta smelt, such
as Suisun Bay and Marsh. ¯ in at least one zone for the remaining 2 years.

I Delta smelt would benefit from spawning and       Abundance criteria include:
rearing habitat restoration. Habitat restoration

I may be achieved by adding and modifying ¯ delta smeltnumbers or totalcatchmustequal
physical habitat and creating additional freshwater or exceed 239 for 2 out of 5 years, and
flow during critical periods. More habitat can be

I created by breaching levees to inundate lands once ¯ not fall below 84 for more that two
part of the Bay and Delta, setting levees back to consecutive years.
increase shallow-water habitat along existing

i channels, protecting existing shallow-water habitat If abundance and distributional criteria are met for
from erosion, and filling relatively deep water a five-year period the species will be considered
areas with sediments to create shallow-water restored. Delta smelt will meet the remaining
habitat, recovery criteria and be considered for delisting

when abundance and distribution criteria are met
Reducing stressors is a major component of delta for a five-year period that includes two successive

i smelt restoration. Reducing delta smelt losses to extreme outflow years, with one year dry or
diversions is of primary concern, critical.
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] NTEGRATION WITH Restoration actions are similar to those prescribed
for other native resident and anadromous fish

OTHER RESTORATION including longfin smelt and striped bass.

PROGRAMS
Maintenance of rearing habitat is extremely

Efforts to restore delta smelt involve cooperationimportant for the recovery of delta smelt and other
native Delta species. Successful restoration ofand support of other established programs that are

protecting and improving conditions for deltadelta smelt will also be closely tied with

smelt and other species in the Bay and Delta. improving Delta outflow that maintains the X2
location in Suisun Bay for rearing delta smelt and

¯ The Recovery Plan for the Sacramento/Sanprevents adverse influence of the CVP/SWP

Joaquin Delta native fishes (U.S. Fish andexport facilities in the southern Delta.

Wildlife Service 1996) would be considered
in developing actions. STRATEGIC OBJECTIVE,

¯ The Central Valley Project Improvement Act TARGETS, AN D
will implement actions that will benefit delta PROGRAM MATIC
smelt, including changing the timing of ACTIONS
diversions, restoring habitat, and dedicating
flow during critical periods (U.S. Fish and
Wildlife Service 1997).                                  The Strategic Objective is to

restore delta smelt to the
¯ Federal ESA requirements (biological Delta and Suisun Bay.

opinions and habitat conservation plans) will
ensure maintenance of existing habitat
conditions and implement recovery actions. LONG-TERM OBJECTIVE." To restore delta

smelt abundance to levels that existed in the 1960s
¯ The State Water Resources Control Board will and 1970s, as measured over a period of at least

implement the Water Quality Control Plan for 10 years.
the San Francisco/Sacramento-San Joaquin
Delta estuary, which includes provisions toSHORT-TERM OBJECTIVE-" Achieve the
limit entrainment in diversions and protectrecovery goals for delta smelt identified in the
habitat conditions for delta smelt, chinookDelta Native Fishes Recovery Plan.
salmon, striped bass, and other species.

RATIONALE: The annual life cycle of delta smelt
LINKAGE WITH OTHER contributes to wide interannual variation in

ECOSYSTEM ELEMENTS abundance, necessitating multiple sample years to
discern a trend in abundance. Delta smelt were
extremely abundant in the system when the

Successful restoration of delta smelt will be"standard" trawling program in the Delta began in
closely tied with improving late winter and springthe 1960s. This period is used as a standard
Delta outflow, increasing shallow water andsimply because that is when the data available for
wetland-slough habitat, improving thecomparative purposes begin. Conditions in the
productivity of the aquatic foodweb, reducing theestuary were clearly favorable for the species in
effects of Delta water diversions, and reducing thethat period. Achieving the long-term objective
level of contaminants in Bay-Delta waters,may be impeded by the presence of several

[]
Vision for Delta Smelt ¯
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I
introduced species, notably the clam,̄ Increase the amount of shallow-water habitat
Potamocorbula amurensis, inland silversides, and in areas critical to spawning and rearing.

I wakasagi. If future investigations determine that
substantial reductions in Delta smelt arē Construct and improve fish facilities for Delta
attributable to the introduced species already diversions, including agricultural diversions

I established, the long-term population abundance and CVP and SWP diversions, and improve
objective may need to be lowered, handling and salvage practices at diversions.

I STAGE 1 EXPt=eTA’rlONS: In 7-10 years, the ¯ Develop and implement a program to reduce
delta smelt population indices should be within the the adverse effects of introduced aquatic
same range as during 1990-1998. The basic species andthe potential for future

I factors limiting delta smelt distribution and introductions.
abundance should be determined (e.g., reduced
food supply, interactions with non-native species,̄ Implement restoration actions identified in the

I negative effects of diversions) and, where Recovery Plan for the Sacramento/San
feasible, overcome through habitat and ecosystem Joaquin Delta Native Fishes Recovery Plan.
process restoration.

I The targets for delta smelt include exceeding a fall
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and spring to improve foodweb productivity Commission. Candidate Species Report 93-
and to disperse larvae and juveniles to DS. 98 pp.
downstream rearing habitat in Suisun Bay.

I
¯ Maintain Delta outflow once larvae and

U.S. Fish and Wildlife Service. 1996. Recovery
Plan for the Sacramento-San Joaquin Delta

i
juveniles have reached downstream rearing Native Fishes. U.S. Fish and Wildlife Service,habitat to keep them beyond the "zone of
influence" of the CVP/SWP and agricultural Portland, OR.

diversions. 1997. Revised draft anadromous
I fish restoration plan. U.S. Fish and Wildlife¯ Increase the residence time of X2 at key Service, Sacramento, CA.

locations in Suisun Bay (e.g., Roe Island,

I Chipps Island, and Collinsville).

¯ Reduce adverse effects of CVP and SWP

I diversions during the period when larvae,
juveniles, or adult life stages appear in the
Delta.

!
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I
" LONGFIN SMELT

!
Bay, and the Klamath River estuary, but none have

I been collected at these locations since the early
1990s. Longfin smelt migrate upstream into the
Delta to spawn. Longfin smelt are well-adapted to

I the Bay-Delta estuary and are also found in other
west-coast estuaries from northern California to
southern Alaska.

I In the Bay-Delta estuary, longfin smelt is
| NTRODUCTION anadromous. Adults, fish approaching their second

i year of age, migrate in winter from saltwater
Longfin smelt are small native fish that live in theportions of the Bay and open coast to spawn in
brackish waters of San Francisco Bay and thefreshwater portions of the upper Bay and Delta.

i Delta. They can be found in water ranging fromSpawning occurs in habitats with hard-bottom or
sea watertocompletelyfi’eshwater(Moyle 1976).plant substrates such as tidal wetlands and
They are an important element of the Bay-Deltachannels. Most spawning takes place from late
foodweb as prey for chinook salmon, striped bass,December through April. High winter and earlyI and other predatory fish species. Because theirspring transport disperse buoyant, newlyflows and
abundance dropped sharply during dry periodshatched larvae downstream into Suisun and San
over the past several decades, they are designatedPablo Bays, where the plankton food supply isI the California of Fish and Game characteristically abundant and for highby Department necessary
(DFG) and U.S. Fish and Wildlife Servicesurvival of longfin smelt larvae and juveniles.
(USFWS) as a species of special concern.Flows ofthemagnitudetoaccomplishthisincrease

I Longfin smelt abundance was especially lowthe area and shifts the location of intermediate
during the 1987-1992 drought and showed signssalinity (1.1 -18.5 ppt) habitat downstream
of recovery only in 1995. reducing competition and predation from marine

I and freshwater fishes.
Major factors that limit this species’ contribution
to the health of the Delta are related to the adverse                       ~inter

I effects of low Delta outflow and include
associated poor foodweb productivity, greater
effects of water diversions, poorer larval transport Fall-Winter Winter-Spring

I and habitat conditions (i.e., poor dispersal is
related to poor survival), and potentially higher
concentrations of toxins that may limit its survival

I and production during droughts.

RESOURCE DESCRIPTION

! The largest, southernmost populations of longfin
smelt in California inhabits San Francisco Bay and

I the Delta. Elsewhere in California, the longfin
smelt is known from the Eel River, Humboldt
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Since longfin smelt spawn primarily as age 2 fish,Abundance has been very poor in drought periods m
they tend to maintain strong even-year or odd-year(1976-1977 and 1987-1992). Low abundance in
cohorts, depending upon the sequence of wet and1993, the first wet year following the drought from I
dryyears. 1978 broke the drought and established1987 to 1992, may reflect a greatly reduced
the even-year cohort as dominant in the 1980s,spawning population resulting from drought
until the next drought broke in 1993 and allowedconditions. Improved abundance in 1995 indicates I
the odd-year cohort a recruitment advantage,that they may be recovering from the effects of the
Abundance is a function of both outflow anddrought.
habitat conditions and adult population size which ¯
is related to fecundity. Peak abundance indexA similar pattern of population abundance is
levels are not reached until favorable flowevident since 1980 in DFG’sBaytrawlingsurvey
conditions persist for 2-3 generations, and the University of California, Davis’ trawl I

survey in Suisun Marsh. Abundance was high
from 1980 through 1984, but declined to very low

Longtin Smelt levels through the ~1987-1992 drought and has IYoung-of-Year Midwater Trawl
recovered only slightly since 1995.

30,000 J : ; : : :=:

2.5,000 Young-of-Year Bay Otter Trawl
20,000 [ : : : : :=:

10,000 ’, : : : : :=’. ..........

|
5,000 ILongfin smelt abundance has been monitored by o , , ...... ¯ ....

!80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97

DFG in the Bay and Delta each fall since 1967.
Population rates have fluctuated sharply, with
greatest abundance in wetter years in wet-yearThe decline in the longfin smelt population has|sequences (1967, 1969, and 1971 from 1967-coincided with a number of changes in the estuary.
1971; and 1980, 1982, and 1983 from 1980-1983). Related stressors believed to contribute to this

decline are listed below.
I

Longfin Smelt Abundance Trend Low flows in late winter and spring into and
Fall Midwater Trawl through the Delta may reduce survival of eggs and I

=o,0o0 l~lq~~l~Sa;~r~ I I I I I I I I I larval longfin smelt spawned in the Delta. Low
17,500~ Delta outflow limits transport of larval and juvenile
15,000

I12,500 ~llllll !1 |lllllllJllllJll longfin smelt downstream into quality nursery

10,ooo | | Ill I I I t I I I | IIlll I I I I I I II I I I I I I grounds of Suisun and San Pablo Bays. Low flows

,,~, ~lllll lllllllllillll 1,1!1 are a consequence of climatic conditions (low
~~11| !,llllllll Iltll rainfall and more precipitation as winter rains I5,000

=~oo |.|1111 !1 U I Ill Ill III1| Ill I I I I I I I ! rather than snow)and upstream reservoir storage of
|111|11.| III.Llll IIH|,|~I.I.I_LI I.l.llli.J winter and spring runoff in dry and normal years.
67 69 71 73 75 77 79 81 83 85 87 89 91 93 95 97
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Reduced freshwater flows through the Delta andSimilarly, Delta agricultural diversions are
into Suisun Bay may limit production of foodwebgenerally confined to late spring through fall;
organisms during the critical early life stages ofhowever, spring diversions are generally greater in
longfin smelt. Poor recruitment in drier yearsdrier years, when irrigation needs are higher.
reduces thenumberofadultstwoyears later, thusAlthough larvae losses to south Delta Central
reducing the future spawning run. Water exportsValley Project and State Water Project pumping
from the Delta during drier years entrain bothplants are generally much lower than losses to more
prespawning adults and planktonic larvae, furthernorthern and western Delta diversions, they are
reducing their population size. Such entrainmenthigher in drier years when Delta outflow is
is greatly reduced or absent in wetter years, insufficient to move larval longfin smelt out of the

Delta into the Bay.
The number of adults making the upstream
spawning run has dropped to such low levels inContaminants in the Delta water may also reduce
recent years that they no longer spawn sufficientthe survival of longfin smelt. The effect may be
numbers of eggs to bring about quick recovery inindirect through reduced planktonic food supply or
wet years. This may explain why production indirect from toxin-induced egg, larval, or juvenile
1993 was lower than expected, stress or mortality.

Water diversion practices, especially in drierOther more speculative causes of the decline and
years, reduce larvae (about 5-15 millimeters long)low abundance of longfin smelt include
and adult populations and lower reproductioncompetition or predation. Recently established
rates. In drier years, the percentage of freshwaternon-native fishes, such as gobies introduced from
diverted is sharply higher than in wetter years, the ballast water of ships from Asia, compete with

longfin smelt. Predation in dry years may also be
In dry years, many larval and juvenile longfina problem, although it is difficult to quantify the
smelt rearing in the Delta are drawn south acrosspotential adverse effects. Management programs
the Delta toward the south Delta pumping plantsthat should be evaluated for potential adverse
by the net southward flow caused by water exportsinfluence on longfln smelt and other native fish
at the pumping plants. Many probably perishpopulations include the juvenile striped bass
before reaching the pumps as a result of poor foodstocking program and salmon hatchery release
supply, poor water quality (mainly high waterprograms. The striped bass stocking program has
temperature), and predation in the central andreleased over 11 million juvenile striped bass from
south Delta channels, and intake forebays and1985 through 1990 into San Pablo and Suisun Bays
structures of the pumping plants. Of thoseand Central Valley salmon hatcheries have released
reaching the pumping plants, some are recoveredmillions of hatchery-reared salmon smolts into San
in fish salvage facilities and returned to the Bay,Pablo Bay in spring each year. Changes in plankton
while others lost in water abundance and ofexported. communityspeciescompositionare

the Bay and Delta caused by the introductions of
Power plants at Pittsburg and Antioch with thenon-native species of zooplankton and Asian clams
largest diversions (up to 3,000 cubic feet also have contributed to the decline of longfinper may
second) operate in the prime nursery area of thesmelt by affecting their food supply.
western Delta and Suisun Bay. The power plants
operate longer in winter and spring of dry Overall, the longfin smelt are affected by theyears
(when less hydroelectric power is produced) tofollowing factors in approximate order of
meet regional electricity demands, importance (U.S. Fish and Wildlife Service 1996);

¯ reductions in Delta outflows,
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¯ entrainment losses at water diversions, ¯ limit the extent of total southerly flows toward
¯ climatic variations (droughts and extreme the south Delta pumps where larvae and

floods), juveniles are subject to being exported,
¯ toxic substances,
¯ predation, and ¯ improve survival and production of longfin
¯ adverse effects of introduced species, smelt by stimulating foodweb productivity, and

VISION ¯ dilute concentrations of contaminants that may
be detrimental to longfin smelt or their food

The vision for longfin smelt is to recover this supply.

California species of special concem and restore
Although deterioration of habitat is not consideredpopulation distribution and abundance in the Bay-

Delta estuary so that it resumes its historical levelsa major factor in the decline of longfin smelt,

of abundance and its role as an important preyprotecting, improving, and restoring shallow-water
habitat in the Bay-Delta would help to increasespeciesintheBay-Deltaaquaticfoodweb.
survival and production of longfin smelt.

Achieving consistently high production of longfinIncreasing shallow water habitat would increase

smelt in normal and wetter years, whichbrackish water habitat and overall habitat
complexity which may be directly related to longf’mhistorically produced more abundant juvenile

populations (year classes), will be critical to thesmelt survival. Freshwater pushes out most marine

recovery of longfin smelt. Good wet-yearlarvae and most freshwater species are adapted to
avoid being advected downstream by spawningproduction would be ensured by (1) not allowing

production to fall too low in drier years such thatlater in the year or in backwater areas.

numbers of adult spawners in subsequent wet
years remains low, (2) maintaining and improvingOther than striped bass and salmonids, few

spawning and rearing habitat, and (3) minimizingpredators exploit pelagic, brackish water habitats,
especially when the habitat is shifted downstreamstressorsin wetter years.
geographically between low and high outflow

Longfin smelt recovery efforts will also focus onyears. Increasing habitat complexity through

enhancing freshwater outflow in dry and normalincreasing shallow water habitats (including side

water year types during winter spawning and earlychannels, etc.) and riparian zone width could assist

rearing periods. Natural Deltaoutflows in dry andlongfin smelt larval dispersal. Presently, many

below- and above- normal water-year types haveappear to spawn in main channels and larvae are

been reduced, particularly in late winter andtransported in dense pulses down the main channels
and are dispersed into the shallows of Suisun andspring, and such reductions coincide with the

longfin smelt decline. The 1995 Water QualitySan Pablo bays. Increasing channel "roughness"

Control Plan for the Delta provided interimmay act to retain and spread larval pulses and
reduce intra-specific competition.provisions for increasing February-through-June

Delta outflows. Additional improvements in late-
winter and spring outflows would: Improved habitat would provide spawning and

rearing habitat and increasing foodweb production.

¯ improve transport of larvae and juvenilesThe increased spawning area and improved food

from Delta spawning areas to Bay rearingsupply may help to overcome other factors that
have little potential for change (e.g., competitionareas,
and predation from non-native species). Increases
in tidal wetlands will provide tidal channels that are
important spawning and rearing habitat. Improving

~. ~
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and restoring shallow waters and riparian̄ longfin smelt must be captured in all zones 5 of
vegetation along levees and channel islands in the 10 years,

I Delta will also provide additional important
spawning habitat. Habitat improvements arē in two zones for an additional year, and
expected to also increase the abundance of
plankton, on which longfin smelt feed, and lead tō at least one zone for 3 of the 4 remaining years,
improved survivaloflarvaeandjuveniles, with no failure to meet site criteria in

consecutive years.
The Recovery Plan for Native Resident Fishes of
the Sacramento-San Joaquin Bay-Delta EstuaryAbundance criteria:
(Recovery Plan) recommends restoring spawning

I and rearing habitat in shallow Delta islands (i.e.,¯ Abundance must be equal or greater than
Prospect Island, Hastings Tract, Liberty Island, predicted abundance for 5 of 10 years.
New Hope Tract, Brack Tract, and Terminous

i Tract) (U.S. Fish and Wildlife Service 1996). TheDistributional and abundance criteria can be met in
Recovery Plan also recommends restoring tidaldifferent years. If abundance and distributional
shallow-water habitat in Suisun Marsh bycriteria are met for a ten-year period, the species
reclaiming leveed lands, will be considered restored.

In addition to improving Delta outflow andINTEGRATION WITH OTHER
I habitats, reducing stressors will be important in

restoring longfin smelt populations. WaterRESTORATION PROGRAMS
diversions remove many longfin smelt and their
food supply from the Bay and Delta, particularlyRestoring longfin smelt in the Central Valley is will
during drier years. Losses to diversions should beinvolve cooperation with the following programs.
reduced.

¯ Recovery Plan for the Sacramento/San JoaquinI Delta Native Fishes Fish and WildlifeRESTORATION GOALS (u.s.
Service 1995a): Its purpose under the federal
Endangered Species Act is to provide aThe basic strategy for the restoration of longfin strategy for the conservation and restoration of

smelt is to manage the estuary is such a way that Delta native fishes. Longfin smelt are
it is a better habitat for native fish in general (U.S. identified in this plan as requiring prompt

i Fish and Wildlife Service 1996). Longfin smelt restoration actions. The basic objective of this
will be considered restored when its population plan is to establish self-sustaining populations
dynamics and distribution pattern within the of the species of concern, including longfin

i estuary are similar to those that existed in the smelt, that will persist indefinitely. The vision
1967-1984 period. This period was chosen for longfin smelt includes facilitating
because it includes the earliest continuous data on
longfin smelt abundances and was a period during

implementation of the Recovery Plan.

i which populations stayed reasonably high in most¯ The Central Valley Project Improvement Act
years. (PL 102-575): It calls for the doubling of the

I anadromous fish populations (including stripedRESTORATION CRITERIA: Restoration of bass, salmon, steelhead, sturgeon, and
longfin smelt will be achieved when the species American shad) by 2002 (U.S. Fish and
satisfies distributional and abundance criteria. Wildlife Service 1995b). This program
Distributionalcriteriainclude:
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involves actions that may indirectly benefitRATIONALE: The longfin smelt is arguably one
longfin smelt, of the most endangered fishes in the estuary

although the petition for listing it as an endangered
¯ The Salmon, Steelhead Trout, andspecies was declined (largely for genetic reasons).

Anadromous Fisheries Program Act of 1988:Longfin smelt were extremely abundant in the
DFG is required under State legislation toestuary when the fall midwater trawling program
restore numbers of anadromous fish in thebegan in the 1960s. This period is used as a
Central Valley (California Department of Fishstandard simply because it was during this period
and Game 1993). Actions include restoringthat the data available for comparative purposes
the food supply ofanadromous fish; that foodbegin, and the period covers a series of wet and
supply includes longfin smelt, extremely dry years. Evidence suggests that

longfin smelt were abundant enough in the 19th

LINKAGE WITH OTHER century to support a fishery. Because longfin smelt
abundance has a strong relationship to X2, future

ECOSYSTEM ELEMENTS abundance may be tied closely to available fresh
water and the ability to manipulate outflows to

Successful restoration of longfin smelt will befavor the species. Achieving the long-term
closely tiedwith improving late winterand springobjective may be impeded by the presence of
Delta outflow, increasing shallow water andseveral introduced species, notably the clam
wetland-slough habitat, reducing the effects ofPotamocorbula amurensis. If future investigations
Bay-Delta water diversions, and reducing the leveldetermine that substantial reductions in longfin
of contaminants in Bay-Deltawaters. Restorationsmelt are attributable to the introduced species
actions are similar to those prescribed for othercurrently established, then the long-term population
native resident and anadromous fish includingabundance objective may need to be scaled back.
delta smelt and striped bass.

S’rAGE 1 F-X~Ee’rA’rlONS: In 7-10 years, the

STRATEGIC OBJECTIVE. longfin smelt population indices should stay within
the same range that they have been in during the

TARGETS, AND period 1990-1998 unless there is an exceptionally
PROGRAM MATIC long period of drought. The basic factors limiting

their distribution and abundance should beACTIONS                   determined.

~
The Strategic Objective is to The following actions would improve the longfin
restore Iongfin smelt to the smelt population:
Delta and Suisun Bay.

¯ Improve Delta outflow in late winter and
spring to improve foodweb productivity and to
dispense larvae and juvenile longfin smelt to

LONG-TERM OBJECTIVE: Restore longfin downstream rearing habitat in Suisun and San
smelt abundance to levels that existed in the 1960s Pablo Bays.
and 1970s, as measured over a period of at least
10 years. ¯ Increase the amount of shallow water spawning

SHORT-TERM OBJECTIVE: Achieve the
habitat in the Delta and rearing habitat in
Suisun and San Pablo Bays.

recovery goals for longfin smelt identified in the
Delta Native Fishes Recovery Plan.
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I ¯ Relocate or add diversion options for the southrestoration criteria implicitly requires relatively
Delta pumping plants to (1) alleviate netfrequent (one of every four years) uncontrolled

i southerly flows in the Delta in drier years, (2)flows to attain and maintain restoration based on
improve transport of young longfln smelt todistribution criteria. The required frequency to
the Bay and away from the south Deltaattain restoration may actually be higher. It may be

i pumping plants and Delta agriculturenecessary to concentrate on the lower end of the
diversions, and (3) increase the foodweboutflow/abundance relationship and attempt to
productivity, maintain sufficient outflow for the dominant cohort

i (i.e., odd year or even year cohort). It might also
¯ Evaluate and implement options to reduceprovide beneficial to consider a January through

PG&E power plant diversions from JanuaryMay period for the increased flow. Based on the

i through July in drier years. Options includedominant cohort, attempt to provide an average
limiting power operations during criticalFebruary through May outflow of about 12,000 cfs
periods; improving screening facilities towhile favoring higher flow of 15,000 or greater in

I reduce entrainment of larval and earlyFebruary and possibly in January. If minimum
juvenile longfin smelt, life stages that areoutflows could be provided every other year,
presently most vulnerable to the intakes; orsufficient numbers of adults should be present to

I retrofitting plants with alternative coolingrespond to favorable flow conditions.
technologies (e.g., cooling towers).

REFERENCES
i ¯ Evaluate the need to alter the timing and

location for stocking striped bass andBaxter, R. 1998. Splittail and longfin smelt.
hatchery-reared chinook salmon in spring and Interagency Ecological Program Newsletter.

i early summer to avoid important longfin smelt Volume 11, No. 2.juvenile rearing areas in Suisun and San Pablo
Bays. California Department of Fish and Game. 1992.

I Estuary dependent species. Exhibit WRINT-¯ Develop and implement a program to reduce DFG-#6. State Water quality Control Board,
the introduction of non-native species to the 1992, Water Quality Rights Proceeding on the

i estuary from released ballast water would San Francisco Bay Sacramento-San Joaquin
help minimize increases in predation and Delta. 97 pp.
competition.

i ¯ and to reduce Moyle, P.B. Inland Fishes of California. University

DevelOPcontaminant implementinputs to thea programBay.Delta would
. of California Press, Berkeley. 405 pp.

indirectly improve production of longfinStrategic Plan for Ecosystem Restoration. 1999.
I Appendix to the CALFED Bay-Delta Programsmelt.

Environmental     Impact     Statement
ADDITIONAL                     /Environmental Impact Report. June 1999.

I                                   CONSIDERATIONS
U.S. Fish and Wildlife Service. 1996. Recovery

i The restoration criteria for longfin smelt needs to Plan for the Sacramento/San Joaquin Delta
be reevaluated. The equation used to predict Native Fishes. U.S. Fish and Wildlife Service,
longfin smelt abundance from outflow in the Delta Portland, OR.
Native Fishes Recovery Plan (U.S. Fish and
Wildlife Service 1996) is in error. In addition, the
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¯ GREEN STURGEON

INTRODUCTION ,

Green sturgeon rear in the Sacramento-San ~
Joaquin estuary and spawn in the Sacramento and
San Joaquin Rivers and their major tributaries.
Sturgeon leave the Bay-Delta andmay move
along the coast to as far as Alaska. Populations ofWildlife Service 1996). Spawning is thought to

green sturgeon are found in many of the largeroccur in larger rivers upstream of the Delta. Low

rivers from California north to British Columbia. river flow during late winter and spring may
reduce attraction of sturgeon to specific rivers and
reduce spawning success. Stream channelizationThe green sturgeon is designated as a species of

special concern by the California Department ofand flood control measures on large rivers (e.g.

Fish and Game (DFG) and U. S. Fish andlevee construction) may affect sturgeon use and

Wildlife Service (USFWS).
spawning success.

Major factors that limit sturgeon populations inLosses of sturgeon young into water diversions
reduces sturgeon productivity. However, relativethe Bay-Delta are adequate streamflows for

attracting adults to spawning areas in rivers andto other species, the percentage of the sturgeon

transporting young to nursery areas, illegal andpopulation caught in diversions is low.

legal harvest, and entrainment into water
diversions. Food availability, toxic substances, and

competition and predation are among the factors
influencing the abundance of sturgeon. Sturgeon

RESOURCE DESCRIPTION are long lived (e.g., some live over 50 years) and
may concentrate pollutantsbodytissuefrom

Green sturgeon are native to Central Valley riverseating contaminated prey over long periods.
and the Bay-Delta and represent an importantHarvesting by sport fishers also affects abundance
component of the historic native fish fauna,of the adult populations. Illegal harvest
Throughout recorded history, white sturgeon have(poaching) also reduces the adult population.
been the dominant sturgeon populations in the
Bay-Delta system, whereas in smaller systems VISIONsuch as the Eel River, green sturgeon dominate.
Sturgeon are long-lived species. Change in
abundance of older fish may reflect the harvest ofThe vision for green sturgeon is to recover this

adults and habitat conditions that occurredCalifornia species of special concern and restore

decades ago during the larval and early juvenilepopulation distribution and abundance to historical
levels. Restoration of this species would
contribute to overall species richness and

life stages.

Green sturgeon inhabit both saltwater and freshdiversity, and reduce conflict between the need for

water and tolerate a wide range of salinityprotection for these species and other beneficial

concentrations. Habitat requirements of greenuses of water in the Bay-Delta.

sturgeon are poorly known, but spawning and
larval ecology probably are similarto that of whiteGreen sturgeon would benefit from improved

sturgeon which is better known (U.S. Fish andecosystem processes, including adequate
streamflow to attract adults to spawning habitat,

~ OL=ED
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transport larvae and early juveniles to productivebeing near the median number of green sturgeon
rearing habitat, and maintain productivity andestimated to be in the estuary during the 1980s.
suitability of spawning and rearing habitatThe total size of the adult green sturgeon
(including production of food). Ecosystempopulation that uses the estuary may be larger than
processes that need improvement include1,000 because non-spawning adults may be in the
streamflows, stream and channel configurations,ocean.
and migration barriers (e.g. dams). Additional
streamflow during late winter and spring wouldRESTORATION CRITERIA-" Green sturgeon will
attract sturgeon to rivers and maintain spawningbe considered restored in the Sacramento-San
flow requirements. Joaquin estuary once the median population of

mature individuals has reached 1,000 individuals,
Green sturgeon would benefit from restoringincluding 500 females over 1.3 meters over a 50-
spawning and rearing habitat. Habitat restorationyear period or for five generations (10 years of
may be achieved by adding and modifyingage is the minimum age of sexual maturity). If
physical habitat and increasing freshwater flowpopulation estimates are fewer than 1,000 fish for
during critical periods. Juvenile sturgeon frequentmore than three consecutive years the restoration
Delta sloughs and may benefit from increases inperiod will be restarted. This definition will be
slough habitat. Spawning habitat includesrevised as better information becomes available.
upstream river reaches that contain appropriate
substrate (e.g., gravel, rock). Rearing habitatRestoration will be measured by determining
includes areas in the Sacramento and San Joaquinpopulation sizes from tagging programs or other
Rivers and the Delta that provide protective, food-suitable means. The present sturgeon tagging and
rich habitats such as the shallow shoals and baysrecovery program, which focus on white sturgeon,
of the Bay-Delta. are inadequate for determining accurately the

abundance of green sturgeon. Thus, the first
Reducing stressors is a component of restoringrestoration criterion will be establishment of an
white anal green sturgeon populations. Reducingadequate monitoring program so that accurate
losses to diversions from the Sacramento-Sanpopulation estimation can be conducted on a more
Joaquin Delta estuary would increase survival ofregular basis.
young sturgeon. Green sturgeon would also
benefit from actions to reduce pollutant input to INTEGRATION WITH
streams and rivers in the Sacramento-San Joaquin
River basin. OTHER RESTORATION

PROGRAMS
RESTORATION GOALS

Efforts to restore green sturgeon in the Central
The primary restoration objective for greenValley would involve cooperation and support
sturgeon is to maintain a minimum population offrom other programs underway to restore sturgeon
1,000 fish over 1 meter total length each year,and other important fish.
including 500 females over 1.3 meters total length
(minimum size at maturity), during the period̄ The Central Valley Project Improvement Act
(presumably March-July) when spawners are (CVPIA) (PL 102-575) calls for implementing
present in the estuary and the Sacramento River changes in flows and project facilities and
(U.S. Fish and Wildlife Service 1996). The operations by 2002 that lead to doubling of
restoration of green sturgeon should not be a the the sturgeon populations.
expense of other native fishes, including white
sturgeon. The 1,000 number was determined as

~ ~
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¯ The Salmon, Steelhead Trout, andthe white sturgeon and probably always has been.
Anadromous Fisheries Program Act of 1988 However, the population appears to be one of only
requires DFG to restore historical numbers ofthree still in existence in North America, so it
sturgeon in the Central Valley. needs special consideration. Very little is known

about the requirements of this species in the
¯ The Four Pumps (SWP) and Tracy (CVP) system, and the recovery goals identified in the

Fish Agreements provide funds and actions toDelta Native Fishes Recovery Plan are based on
DFG for sturgeon restoration, knowledge gained from their incidental catch in

white sturgeon studies and fisheries. Thus,
¯ The Recovery Plan for the Sacramento-Sanrestoration and management of this species

Joaquin Delta Native Fishes (USFWS) requires much better knowledge than currently
identifies re.covery actions for green sturgeon,exists. Because it is so long lived (50+ years) and

current exploitation levels seem to be low, there is

LINKAGE WITH OTHER time to conduct systematic research on its biology
to determine the best ways to increase its

ECOSYSTEM ELEMENTS populations.

Restoration of green sturgeon populations areSTAGE 1 EXPECTATIONS." A better
integrally linked with restoration of riverunderstanding will have been developed about the
floodplain and stream meander habitat,life history and usage of the Sacramento-San
improvements in Central Valley streamflows,Joaquin estuary and its watershed as spawning and
improvements in habitat, and reductions in lossesrearing habitats. In addition, a program will have
to water diversions and illegal harvest, been implemented to monitor the ocean migration

and its usage in the life history of the species.

STRATEGIC OBJECTIVE.
General targets for sturgeon populations are:

TARGETS. AND
PROGRAMMATIC ¯ Restore population to levels of the 1960s,

ACTIONS ¯ Improve flow in Sacramento River in spring,

The Strategic Objective is to = Reduce the rate of illegal harvest,

~ restore green sturgeon to the
and Suisun ¯ Reduce the lost of toDelta Bay. percentage sturgeon

water diversions to that of the 1960s,

The general approach for programmatic actions
LONG-TERM OBJECTIVE: Increase the are:
population of green sturgeon utilizing the
Sacramento-San Joaquin estuary and its tributaries̄ Improve the aquatic foodweb,
so that the recreational fishery benefits.

¯ Improve spring flows in Sacramento River
SHORT-TERM OBJECTIVE: Continue the and major tributaries,
efforts established under Stage 1 Expectations and
implement findings of habitat needs. ¯ Restore natural meander belts and add gravel

R~TIONALE: The green sturgeon is relatively
substratesin upstreamspawningareas,

uncommon in the Bay-Delta system compared to

~ ~
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Increase Delta outflow in spring of dry and
normal years,

¯ Improve water quality of Bay-Delta,

¯ Provide greater enforcement to reduce
poaching,

¯ Reduce losses of eggs, larvae, and juvenile
sturgeon at water diversions,

¯ Upgrade fish protection facilities at diversion
facilities in the Delta,

¯ Restore tidally influenced Delta and estuarine
habitat such as tidal perennial aquatic habitat
and sloughs.
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I ¯ SPLITTAIL
I

seasonally flooded riparian zones and flood
bypass areas that provide spawning substrate (e.g.,

I submerged vegetation). Rearing habitat includes
shallow- fresh- and brackish water (less than 10
ppt salinity) habitat that provide a protective,
food-rich environment.

The population abundance of splittail is highly

I variable. Year-class abundance varies greatly.
| NTRODUCTION Low year-class success occurred throughout the

1987-1992 drought years. Age-0 abundance

I The split-tail is a native resident fish of the lowerdeclined in the estuary during the 6 year drought
reaches of the Sacramento and San Joaquinand typically declines in dry years (Sommer et al.
Rivers. It has been listed recently under the1997).

I federal Endangered Species Act and a candidate
for listing under the California Endangered r,
Species Act. The splittail also supports a small

I winter sport fishery in the lower Sacramento ~0
River. 50

Major factors that limit its contribution to the ,o

health of the Bay-Delta include loss of floodplain ~,
spawning and rearing habitat, and low

I streamflows that limit floodplain inundation and
transport young to downstream nursery areas. 1,
Recent information suggests that losses to water ,
diversions do not have an important effect on the t96r 19]’0 ’1~7~ ’19Y9 lg7g t9~2 1995 t955 lggl

I population (Sommer et al. 1997).
Abundance Data for Splittail from DFG Fall Mid

Water Trawl Survey 0dSFWS 1996)
RESOURCE DESCRIPTIONI Floodplain inundation is a significant element

required to maintain strong year classes (SommerSplittail are endemic to the Sacramento-Sanet al. 1997). Access to habitat throughout the
Joaquin Delta estuary and to the lower reaches ofI geographic range of splittail has been greatly
the Sacramento and San Joaquin Rivers. Splittaildiminished by human-caused actions. Restrictionsrepresent an important component of the historical

to the floodplain, loss of marshes, and reduced

I native fish fauna. Splittail tolerate a wide range ofwinter-spring river flows from flood control andsalinity, but are most abundant in shallow areaswater supply development have reduced the
where salinity is less than 10 parts per thousandspecies’ range and abundance. In addition, water

I (ppt). Spawning occurs in fresh water, primarilyquality (e.g., high temperature and dissolved
in floodplain areas upstream of the Delta includingsolids) reduce the use of the lower San Joaquin
the Mokelumne, Feather and American rivers, andRiver by splittail.
downstream of the Delta in the Napa and

I Petaluma rivers (Sommer et al. 1997). Spawning
habitat includes shallow edgewaters and

~ r~Y.O~LrA
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Splittail have limited productivity particularly in VISION
periods of drought, primarily from low freshwater
inflowto the Bay-Deltaand modificationof The vision for splittail is to recover this federally
habitat by past and ongoing human actions. Damslisted threatened species in order to contribute to
and levees restrict access to historical, seasonallythe overall species richness and diversity and to
floodedspawningandrearinghabitat.Abundant reduce conflict between protection for this species
year classes are generally associated with winterand other beneficial uses of water in the Bay-
and spring flows sufficient to flood peripheralDelta.
areas of the Delta and lower river reaches,
including the flood bypass system of the
Sacramento River and the floodplain of the San

Splittail would benefit from improvements in
spawning and rearing habitat, and late winter and

Joaquin River. Flood control reservoirs reduce spring river flows. Increases in the frequency of
flooding in the Sacramento, San Joaquin,floodplain inundation, improved access to
American, Feather, Mokelumne, Stanislaus,floodplain areas, and increased freshwater flows
Tuolumne,Merced,andCalaverasRivers. would contribute most to their recovery.

Additional freshwater flow could be provided
during late winter and spring to inundate’¯ floodplains and attract adults to upstream

~.5 spawning areas, transport young to downstream

I --.-sr~~= ]
nursery areas in the Bay-Delta, and maintain Iow

_ ~1 , .....~r.~. I salinity habitat in the western Delta and Suisun
Bay.

i2 Restoring split~ail will require restoring seasonally

1.~ flooded spawning and rearing habitat. Habitat
restoration may be achieved by adding and
modifying physical habitat and additional
freshwater flow during critical periods. Actions

°’~! include breaching levees to inundate existing

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ islands, setting levees back to increase shallow-
water habitat along existing channels, protecting

Index of Adult and Juvenile Split’tail existing shallow-water habitat from erosion, and
in Suisun Marsh Trawl Survey filling deep water areas with sediments to create

shallow-water habitat.
Levee construction in the 1800s created narrow
channels and eliminated vast areas of fluvialSplittail have a high fecundity, which when
marsh and seasonal wetlands that are important ascombined with years of high flows, allows the
spawning and rearing habitat for splittail, population to benefit from high recruitment rates.

Food availability, toxic substances, and compe-
tition and predation (particularly from striped bass RECOVERY GOALS
and other introduced species) are among the
factors limiting splittail abundance. In addition,Rt=~TORAT~ON CRIT==RL~: Splittail will be
harvest for food and bait by sport anglers mayconsidered restored when they meet two out of
inhibit recovery of the splittail population, three possible restoration criteria, developed from

three independent surveys. The three possible
criteria are:
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1) FMWT numbers must be 19 or greater for 7 ¯ State Water Resources Control Board
of 15 years; (SWRCB) will implement the Water Quality

Control     Plan     for     the     San
2) Suisun Marsh catch per trawl must be 3.8 or Francisco/Sacramento-San Joaquin Delta

greater AND catch of young-of-year must estuary, which includes provisions to limit
exceed 3.1 per trawl for 3 of 15 years, and entrainment in diversions and protect habitat

conditions for splittail, chinook salmon,
3) Bay Study otter trawls must be 18 or greater striped bass, and other species.

AND catch of young-of-year must exceed 14
for 3 out of 15 years. LINKAGE WITH OTHER

Within each survey, if target criteria are not met at ECOSYSTEM ELEMENTS
least once in 5 consecutive years, the restoration
period for the failed survey will be restarted.Successful restoration of splittail will be closely
Criteria depend on data collected by threetied with improving freshwater inflow, improved
independent surveys, two conducted by DFGaccess to floodplain spawning and rearing
(FMWT and Bay Study otter trawl) and one habitats, floodplain inundation, and wetland
conducted by UCD (Suisun Marsh otter trawl), restoration. Restoration actions are similar to
These studies were chosen because they samplethose prescribed for other native resident fishes
most of the splittail range and contain the earliestincluding delta smelt.
continuous data on splittail abundance. When any
two out of three criteria are reached, split’tail will STRATEGIC OBJECTIVES,
be considered restored.

TARGETS. AND

INTEGRATION WITH PROGRAMMATIC

OTHER RESTORATION ACTIONS

PROGRAMS

~
The Strategic Objective is to

Efforts to restore splittail would involve restore Sacramento splittail to
cooperation and support fi’om other established the Delta, Suisun Bay, and the
programs that are protecting and improving Central Valley.
conditions for delta smelt, striped bass, and other
species.                                       LONG-TERM OBJECT~Vt=: Restore the splittail

so that it is one of the most abundant fish species
¯ Recovery Plan for the Sacramento/Sanin the Sacramento-San Joaquin estuary and its

Joaquin Delta native fishes (U.S. Fish andtributaries.
Wildlife Service 1996) will be considered in
developing program actions. SHORT-TERM OBJECTIVE." Achieve the

recovery goals for splittail identified in the Delta
¯ Central Valley Project Improvement Act Native Fishes Recovery Plan.

(CVPIA) will implement actions that will
benefit splittail, including changing timing ofRA’nONALE: The splittail was once widespread
diversion, restoring habitat, and dedicatingin lowland waters of the Central Valley but is
flow during critical periods for co-occurring today largely conf’med to the estuary, except
species, during wet years. The splittail population dropped

tO a low point in the estuary during the drought of
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the 1980s but rebounded to high levels in theStrategic Plan for Ecosystem Restoration. 1999.
estuary during wet years of the 1990s. It is likely Appendix to the CALFED Bay-Delta Program
that reproductive success of this species is tied to Environmental Impact Statement
the timing and duration of flooding of the Yolo /Environmental Impact Report. June 1999.
and Sutter Bypasses and to flooding of riparian
zones along the major rivers of the Central Valley,U.S. Fish and Wildlife Service. 1996. Recovery
so a return to its former abundance and Plan for the Sacramento/San Joaquin Delta
distribution will require special management of Native Fishes. U.S. Fish and Wildlife Service,
these areas. Portland, Oregon.

STAGE 1 EXPECTATIONS: At least one
additional strong year class should have developed
to maintain splittail populations, while factors
limiting splittail spawning and recruitment success
are determined and accounted for in a
management plan.

The targets for splittail include achieving a fall
mid-water trawl index consistently of 20 units or
higher, and a Suisun Marsh trawl index
consistently of 4 units or higher.

The following actions would improve the splittail
population:

¯ improve late winter and spring freshwater
flOWS,

¯ increase flooded and shallow water spawning
habitat in rivers and Bay-Delta,

¯ reduce pollutant input to streams and rivers in
the Sacramento-San Joaquin River basin,

¯ prevent introduction of non-native species,

¯ High water temperatures and dissolved solids
also reduce splittail use of the lower San
Joaquin River.

REFERENCES

Sommer, T., R. Baxter, and B. Herbold. 1997.
Resilience of splittail in the Sacramento-San
Joaquin Estuary. Transactions of the
American Fisheries Society 126:961-976,
1997.
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|

¯ CHINOOK SALMON

additional listings under the ESA. Listing of theI winter-run chinook population reflected poor
ecological health of the Bay-Delta watershed
including the Sacramento River and placed

regulatory on wateradditional controls
management operations in the Central Valley.
Water management regulations for winter-run

I chinook salmon affect the magnitude of flow by
season in the Sacramento River and the volume of

INTRODUCTION carryover storage in Shasta Reservoir for

I temperature control in the Sacramentoupper
Chinook salmon are medium- to large-bodied fishRiver. The regulations also constrain the timing of
that spawn in freshwater, migrate to the ocean aswater diversions at various location in the

I juveniles, achieve significant growth, and return toSacramento River.
freshwater at varying degrees of sexual maturity.
Four runs of chinook salmon are present in theThe key to improving chinook salmon populations

I Central Valley, distinguished by their timing ofwill be maintaining populations through periods of
reentry to fresh water: fall, late-fall, winter, anddrought by improving streamflow magnitude,
spring (Boydstun et al. 1992). Winter-runtiming, and duration; reducing the effects of the

I chinook salmon were formally listed as anCVP/SWP export pumps in the southern Delta
endangered species under the Californiawhich alter Delta hydrodynamics, juvenile rearing
Endangered Species Act in 1989, and asand migration patterns, and cause entrainment at

I endangered under the federal Endangered Speciesthe facilities, and reducing stressors such as
Act in 1994 (National Marine Fisheries Service unscreened water diversions, high water
[NMFS] 1996). The NMFS is reviewing the temperatures, and harvest of naturally spawned

I status of the other Central Valley chinook salmonsalmon. The overall nature of habitats, flows, and
runs and considering the potential needs forstressors varies greatly throughout the range of

chinook salmon in the Central Valley and is
influenced by which specific run of salmon is
present, its life stage (egg, fry, juvenile, adult),

Listing status of Central Valley chinook             and the season.
-. salmon populations.
i~I Chinook Listing Status RESOURCE DESCRIPTIONStock

’l~ Winter-run Endangered-ESA Chinook salmon represent a highly valued
Endangered- CESA biological resource and a significant biological

Spring-run Proposed - ESA legacy in the Central Valley of California. Central

:-~ Threatened-CESA Valley chinook salmon comprise numerous
individual stocks, including the Sacramento fall-

Late-fall-run Proposed - E$A run, late-fall-run, spring-run, winter-run, and San
!i.I and fall-run Joaquin fall-run. The continued existence of
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Central Valley chinook salmon is closely linked to¯ Sacramento Basin fall-run chinook
overall ecosystem integrity and health. ¯ San Joaquin Basin fall-run chinook

¯ late-fall-run chinook
Life History Sacramento River

Chinook Salmon Upstream of Red Bluff The National Marine Fisheries Service (1998), in
~ ,~,.~, o~, =~ ~,, ~.~ ,,, ,,y ~ its status review of west coast chinook stocks,

~-,-~ -""-- ! : ~ i identified major chinook grouping based on
~M~.~ i -: preliminary data regarding ecological,

~z:,,~. :~ ...... ~ geographical, and genetic differences among
~ ~M~’~ " " ’ ~ chinook stocks. These major groups included the
~-~-,,,- =..-’ . ’ ~         ~. Sacramento River winter-run evolutionarily

__~... ~a~..~ .~ .. ...................................................................... significant unit (ESU), Central Valley spring-run

|~i~,-~,, ~,~
~ " ESU, and the Central Valley fall-run ESU. The

~’~**’~ -- fall-run ESU includes Sacramento and San
~ Joaquin fall-run chinook, as well as late-fall-run

"" ~’~*"~ "" ........ chinook.

- SACRAMENTO RIVER WINTER-RUN ESU.
During the listing process for winter-run chinook,

Because of their life cycle, typical of all Pacificboth the California Department ofFish and Game
salmon, Central Valley chinook salmon requireand NMFS cited a list of factors considered
high-quality habitats for migration, holding,important to the decline of winter-run chinook.
spawning, egg incubation, emergence, rearing,NMFS cited the loss of juveniles to entrainment at
and emigration to the ocean. These diversepoorly or unscreened diversions including loss to.
habitats are still present throughout the Centralthe state and Federal water project pumps in the
Valley and are successfully maintained to varyingDelta. Impacts at other State and Federal water
degrees by existingecologicalprocesses. Haman-project facilities such as Red Bluff Diversion
caused actions (stressors) have diminished theDam, and Keswick and Shasta dam operation
quality and accessibility of habitats used bywere considered major factors.
chinook salmon. These habitats can be restored
through a comprehensive program that strives to
restore or reactivate ecological processes, 120,00o
functions, and habitat elements on a systematic

100,000
basis, while reducing or eliminating known
sources of mortality and other stressors that impair m ~o,ooo
the survival of chinook salmon. However, the
restoration approach must fully consider the
problems and opportunities within each individual ~g ,=o,ooo
watershed and must be fine-tuned to meet the
requirements of locally adapted stocks.

0

The chinook salmon resources of the Central
Valley include: Annual return estimates for the endangered

winter-run chinook salmon.
¯ Sacramento River winter-run chinook
¯ Central Valley spring-run chinook
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This ESU includes chinook salmon entering thefrom the San Joaquin Basin but are still present in
Sacramento River from November to June, ansome of the tributary streams of the Sacramento
entry pattem not shared with any other chinookRiver. Mill, Deer, and Butte creeks consistently
population. Winter-run spawn from late-April to support spawning populations of spring-run
mid-August, with a peak in May and June. Inchinook salmon. Several other tributaries
general, winter-run exhibit an ocean-type life-occasionally have spring run present. These
history strategy, with smolts migrating to theinclude Big Chico, Antelope, and Beegum creeks.
ocean after five to nine months of residence inThere may be some spring run in the Feather
freshwater (Johnson et al. 1992). DNA analysisRiver, but these fish have likely interbred with
indicates substantial genetic differences betweenfall-run chinook. The status of spring-run chinook
winter-run and other chinook salmon in thein the Yuba River is uncertain, but a small
Sacramento River. population may exist (California Department of

Fish and Game 1998).
Historically, winter-run populations existed in the
upper Sacramento, Pit, McCloud, and CalaverasThis ESU includes chinook salmon entering the
Rivers. The spawning habitat for these stocks wasSacramento River from March to July and
primarily located in the Sierra Nevada Ecoregionspawning from late August through early October,
(Omernik 1987). on a peak spawning September. Spring-Constructionof dams these with of
rivers in the 19406 led to the elimination ofrun chinook exhibit and ocean-type life history,
populations in the San Joaquin Basin andand emigrate from their natal streams as fry,
displaced the Sacramento River population tosubyearlings, and yearlings (National Marine
areas below Shasta Dam. There is also data toFisheries Service 1998).
suggest that winter-run inhabited Battle Creek
prior to its development for hydropower C~:NTr~t. VAU.m¢ F,~a.t.-RUN t::SU. Fish in
production, this ESU enter freshwater from July through April

and spawn from October through February. Both
CENTRAL VALLEY SPRING-RUN ESU. runs are ocean-type chinook, emigrating
Spring-run chinook were the dominant run in thepredominantly as fry and subyearlings.
Sacramento and San Joaquin river systems prior to
the construction of dams and water development
projects. Spring-run chinook have been eliminated ~o,ooo

~ 3000                                               20,0oo-~ Io,ooo
¯ ~ 2000

~ 0
:~ 1967 1970 1973 1976 1979 1982 1985 1988 1991 1994
O
if-. ~ooo Estimated returns of late-fall run chinook salmon,

1967-1994.°
Estimated returns of spring-run chinook Fall-run are the most abundant run in the Central

salmon to Mill Creek. Valley and populations are supported by an
extensive State and Federal hatchery propagation
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program. Cumulatively, fall-run chinook maintainChinook salmon are found in virtually all 14
strong ocean sport and commercial troll fisheriesecological zones that comprise the ERPP Study
as well as inland fisheries. Area and many of their respective ecological

units. Overall, the decline of the chinook salmon
~lNaturaI EiHatchery ] population resulted from the cumulative effects of

3.0 .... degrading spawning, rearing, and migration
= ,0 ............................ habitats in the Sacramento and San Joaquin basins

i ~ ~1

and the Sacramento-San Joaquin Delta.
2,, ..................... Specifically, the decline was most likely caused
,,0 ~ ..... by a combination of factors that reduced or
,,.0 . eliminated important ecological processes and

~ functions, such as:

¯ excessively warm water temperatures during
1970 1974 1978 1982 1986 1990 1994 1998

the prespawning, incubation, and early rearing
Sacramento River fall-run chinook salmon periods of juvenile chinook;
escapements, 1970-1998 (PFMC 1999).

¯ interrupting or blocking the free passage of
juveniles and adults at diversion and water
storage dams;

Overall, the abundances of stocks have varied
annually since 1970 and exhibited depressions in̄ loss of natural emigration cues when flow
run size (escapement) during and following the regimes are altered as a result of the export of
1976-1977 and 1987-1992 droughts (Mills and water from large diversions in the south Delta;
Fisher 1994). Low flows and reservoir storage
levels during droughts caused high water̄ heavy metalcontaminationfromsourcessuch
temperatures, poor spawning and rearing habitat as Iron Mountain Mine;
conditions, high predation rates, high diversion
losses, and increased harvest, which in turn reducē entrainment in a large number of unscreened
salmon survival, and poorly screened diversions; and

¯ degradation and loss of woody debris, shaded

iii ~
riverine aquatic (SRA)habitat, riparian
corridors and forests, and floodplain functions
and habitats from such factors such as
channelization, levee construction, and land
use.

Climatic events and human activity have
exacerbated these habitat problems. Lengthy
droughts liave led to low flows and highero

1970 1974 1978 1982 1986 1990 1994 1998 temperatures. Periodic El Nifio conditions in the
Pacific Ocean have reduced salmon survival by

Comparison of the escapement trends of adult fall- altering ocean current patterns. Ocean and inlandrun chinook salmon in the Sacramento and San
Joaquin Basins (PFMC 1999). recreational and commercial salmon fisheries have

|
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probably impaired efforts to rebuild salmon VISION
stocks.

Human activities have also contributed to the
The vision for Central Valley chinook salmon is to
recover all stocks presently listed or proposed for

decline of the chinook, although perhaps to alisting under the ESA and CESA, achieve
lesser degree. These activities include: naturally spawning population levels that support

and maintain ocean commercial and ocean and¯ construction and operation of various smaller
inland recreational fisheries, and that fully use

water manipulation facilities and dams; existing and restored habitats. This vision will
contribute to the overall species diversity and¯ levee construction and marshland reclamation
richness of the Bay-Delta system and reducecausing extensive loss of rearing habitats inconflict between protection for this species and

the lower Sacramento River, San Joaquinother beneficial uses of water and land in the
River, and Sacramento-San Joaquin Delta; Central Valley.

¯ and theintroductionofpredatoryspecies.          This vision is consistent with restoring the
Sacramento River winter-run chinook salmon toExisting regulatory efforts have not adequatelylevels that will allow it to be removed from themaintained some chinook stocks as healthy
State and federal endangered species lists;populations. As a result, the winter-runincreasing populations of other chinook stocks to

population was protected under the State andlevels that eliminate any future need for protectionfederal ESAs to save it from extinction. Since itsunder the State and federal Endangered Species
listing, some significant habitat improvementsActs (ESAs); and providing population levels for
have been made to help preserve this and otherall chinook stocks that sustain recreational andchinook populations. These include improved

commercial fisheries and other scientific,water temperatures and flow management foreducational, and nonconsumptive use of thesespawning, incubation, and rearing; improved
valuable resources.passage of juveniles and adults at diversions and

dams on the upper Sacramento River; reducedWithin the broad context of ecosystem restoration,
diversions during periods when juveniles are mostsalmon restoration will include a wide variety ofsusceptible to entrainment; and the positive-barrierefforts, many of which are being implemented for
fish screens installed on the larger waterother ecological purposes or which are not
diversions along the Sacramento River. However,specific to chinook salmon. For example,
additional measures that focus on reactivating orrestoring riparian woodlands along theimproving ecological processes and functions that

Sacramento River between Keswick Dam andcreate and maintain habitats will be necessary for
Verona will focus on natural stream meander,recovery of the various chinook salmon stocks inflow, and natural revegetational/successional

the Central Valley. processes. These factors will be extremely
important in providing SRA habitat, woody debris,

Rebuilding chinook populations to a healthy stateand other necessary habitats required by food
will require a coordinated approach to restoringorganisms and juvenile and adult salmon
ecosystem processes and functions, restoringpopulations.
habitat, reducing or eliminating stressors on a site-
specific basis, and improving management andAnother example is to reactivate tidal flows intooperation of the five salmon hatcheries in thefresh and brackish (somewhat salty) marshes.
Central Valley.

Reactivating the tidal exchange in marshes will

~ OtL~
Volume I: Ecosystem Restoration Program Plan

~r.mmT, t I/ision for Chinook Salmon
~ ~ June 1999

212

C--01 9098
C-019098



increase the production of lower trophic RECOVERY GOALS
organisms, thereby improving the foodweb.
Reactivating tidal exchange will also substantiallyAll stocks of Central Valley chinook salmon are
increase the complexity of nearshore habitats inconsidered in the development of actions to ensure
the lower mainstem rivers, the Delta, and the Bay,
which will be valuable habitats for juvenile

the recoveryofendangeredspecies. This includes
formally listed stocks such as winter-run chinook,

salmon, the State-listed threatened spring-run chinook
salmon, and stocks proposed for listing under the

Operating the water storage and conveyanceESA including spring-run, late-fall-run, and fall-
systems throughout the Central Valley for theirrun chinook.
potential ecological benefits can be one of the
more important elements in restoring a wide WINTER-RUN CHINOOK SALMON
spectrum of ecological resources, including
chinook salmon. The National Marine Fisheries Service (1997) has

proposed recovery goals for the endangered
Harvest management will play an important rolewinter-run chinook salmon. The recovery goals
in restoring healthy salmon populations. Theinclude delisting criteria based on population
Ecosystem Restoration Program Plan (ERPP)criteria. The population criteria are:
anticipates a highly compatible relationship
between restoring ecological processes and̄ The mean annual spawning abundance over
harvest    management    recommendations, any 13 consecutive years shall be 10,000
Ecological processes selected for restoration females (because the specified spawning
include those that create and maintain critical abundance is in terms of females, the total
habitat elements. Harvest management spawning run will be more than twice the
recommendations focus on rebuilding naturally female spawning abundance). The geometric
spawning stocks, mean of the cohort replacement rate over

those same 13 years shall be greater than 1.0.
Lack of adequate corridors between upstream Estimates of these criteria shall be based on
holding, spawning, and rearing habitat in certain natural production alone and shall not include
tributary streams has impaired or reduced the hatchery-produced fish. The variability in
reproductive potential of some stocks such as cohort replacement rate is assumed to be the
spring-run chinook salmon.    Unscreened same as or less than the current variability.
diversions are widespread in the Central Valley
and are a known source of mortality to chinook ¯ There must be a system in place for estimating
salmon, spawning run abundance with a standard error

less than 25% of the estimate, on which to
Many action-oriented activities are underway in base the calculation of the population criteria.
the Central Valley that will assist in achieving the If this level of precision cannot be achieved,
vision for chinook salmon. Some are short-term then the sampling period over which the
actions and some are long-term evaluations. All geometric mean of the cohort replacement
are designed to eliminate stressors and improve rate is estimated must be increased by one
ecological processes and habitats, additional year for each 10% of additional

error above 25%.

|
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i
In addition to the population criteria, NMFS has In addition the Department ofFish and Game will
specified recoveryactions for winter-run chinookdevelop specific recovery goals and delisting
that are linked to one of the following goals, criteria based on the best scientific information.

In developing the recovery goals, the Department

I RECOVERY GOALS FOR SACRAMENTO RIVER of Fish and Game will consider the following
WINTER-RUN CHINOOK SALMON (NMFS 1997). criteria developed by the U.S. Fish and Wildlife

Service (1996).

I RESTORATION CRITERIA
Goal Description

1 Protect and restore spawning and
rearing habitat Sacramento spring chinook will be regarded as

i                                                         restored when:
2 Improve survival of downstream

migrants ¯ self-sustaining populations in excess of 500
i 3 Improve adult upstream passage spawners each are present in both Deer and

Mill creeks;
4 Prevent extinction through artificial

i ¯ the number of wild spawners in Sacramentopropagation

5 Reduce harvest and incidental take River tributaries reaches a mean number of

in commercial and recreational 8,000 fish and does not drop below 5,000 fish,
i for 15 three of which dry criticalfisheries years, are or

dry years, and
6    Reduce impacts offish and wildlife

I management programs ¯ when the smolt survival rates between

7 Improve understanding of life Sacramento and Chipps Island approach pre-
history and habitat requirements project levels when the number of adults in

I the tributary streams is fewer than 5,000.

Restoration will be measured by three interacting

I SPRING-RUN CHINOOK SALMON criteria:

Spring-run chinook salmon are proposed as a1) presence of self-sustaining spawning

I threatened species under the ESA and are a populations in Deer and Mill creeks,
threatened species under CESA. The Department
of Fish and Game’s recovery objectives for the2) total number of spawners in Mill, Deer,
Sacramento River spring-run chinook salmon are: Antelope, Butte, Big Chico, Begum, South

Fork Cottonwood, and Clear creeks, and
¯ protect and enhance existing populations;

I 3) smolt survival rates through the Delta.
¯ re-establish additional,viable native

populations; and The number of spawners can be estimated by
carcass and redd counts and counting from weirs

m restore and protect natal, rearing, andat dams on Deer and Mil! creeks, but smolt
migratory streams within the Sacramentosurvival cannot yet be satisfactorily estimated.
River Basin (California Department of Fish These restoration goals can be achieved only if
and Game ! 998). there is simultaneous improvement in conditions

i Volume I: Ecosystem Restora~on Program Plan
~a~t.~rz’rx Vision for Chinook Salmon

~ ~ June 1999

I 214

C--01 91 00
C-019100



in spawning and rearing streams, in the Delta forRESTORATION CRITERIA
passage of juveniles and adults, and improved
management of the fishery to allow for increasedSan Joaquin fall-run chinook salmon will be
survivorship of adults during periods of lowregarded as restored when:
population size.

1) the number of naturally spawning fish in the
LATE-FALL-RUN CHINOOK SALMON Stanislaus, Tuolumne, and Merced rivers

reaches a median number of 20,000 fish and
Late-fall-run chinook salmon are included in the the three-year running average does not drop
Central Valley fall-run Evolutionarily Significant below 3,000 fish, for 15 years, three of which
Unit (ESU) and are proposed for listing as a are dry or critically dry and
threatened species under the ESA.

2) when the smolt survival rates approach pre-
RESTORA’nON CRITERU~, project levels when adult numbers decline to

fewer than 3,000 naturally spawning fish.
Sacramento late-fall chinook salmon will be
regarded as recovered when: The number of spawners can be estimated by

carcass and redd counts. A model has been
1) the number of wild spawners in thedeveloped for estimating smolt survival through

Sacramento River reaches a mean number ofthe Delta. The smolt survival index is a calculated
22,000 fish and does not drop below 15,000 variable base upon on-going tagging studies, that
fish, for 15 years, three of which are dry or is presumed to have a strong positive relationship
critical dry and to actual smolt survival rates. The model relies on

the relationship between (1) salmon smolt survival
2) when the juvenile survival rates approach pre-and flows in the San Joaquin River, (2) rates of

project levels following years when the adultdiversion into Old River, and (3) export rates at
populations are fewer than 15,000 fish in thethe CVP and SWP pumps.
Sacramento River.

These restoration goals can be achieved only if
The number of spawners can be estimated bythere is simultaneous (1) improvement in
carcass and redd counts or enumerated throughconditions in the spawning and rearing streams,
dam counts, while smolt survival cannot yet be(2) improvements in conditions in the lower San
satisfactorily estimated. It is recognized that theseJoaquin River and in the Delta, and (3) improved
restoration goals can be achieved only if there ismanagement of the fishery to allow for increased
simultaneous improvement in conditions insurvivorship of adults during periods of low
spawning and rearing streams, in the Delta forpopulation size. Salmon taken by hatcheries for
passage of juveniles, and improved managementartificial propagation will not be counted toward
of the fishery to allow for increased survivorshipmeeting criteria.
of adults.

SAN JOAQUIN FALL-RUN CHINOOK INTEGRATION WITH
SALMON OTHER RESTORATION

San Joaquin fall-run chinook salmon are included                  PROGRAMS
in the Central Valley fall-run Evolutionarily

Unit (ESU) and are proposed for There are three major programs to restore chinookSignificant
listing as a threatened species under the ESA. salmon populations in the Central Valley.
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i
¯ Central Valley Project Improvement Act: The       Important ecological processes the directly

Secretary of the Interior is required by the influence the health of chinook salmon or its
Central Valley Project Improvement Act to habitat include:
double the natural production of Central

I Valley anadromous fish stocks by 2002 (U.S. ¯ Central Valley streamflows,
Fish and Wildlife Service 1995).

¯ Natural sediment supply,
~ ¯          ¯ Endangered Species Recovery Plan: The

National Marine Fisheries Service is required¯ Stream meander,
under the federal ESA to develop and
implement a recovery plan for the endangered̄ Natural floodplain and flood processes,
winter-run chinook salmon and to restore the
stock to levels that will allow its removal from ¯ Central Valley stream temperatures,

i the list of endangered species (NMFS 1996).
Bay-Deltahydraulics,and

¯ Salmon, Steelhead Trout and Anadromous
Fisheries Program Act: The California¯ Bay-Deltaaquaticfoodweb.

i Department of Fish and Game (DFG) is
required under State legislation (the Salmon,Habitats used by chinook salmon during their
Steelhead Trout and Anadromous Fisheriesjuvenile or adult life stages include:
Program Act of 1988) to double the numbers
of salmon that were present in the Central̄ Tidal perennial aquatic habitat,
Valley in 1988 (Reynolds et al. 1993).I ¯ Deltasloughs,

¯ California Endangered Species Act which can
provide specific criteria for downlisting, ¯ Midchannel islands and shoals,

i delisting, and of listed species.recovery
¯ Saline and fresh emergent wetlands, and

Each of the major chinook salmon

I restoration/recovery programs has developed̄ Riparian and riverine aquatic habitats.
specific goals for Central Valley chinook salmon
stocks. ERPP embraces each of theStressors that adversely affect chinook salmon or
restoration/recovery goals and will contribute toits habitats include:
each agency’s program by restoring critical
ecological processes, functions, and habitats, and̄ Water diversions,

i reducing or eliminating stressors.
¯ Dams, reservoirs, weirs, and other human-

LINKAGE WITH OTHER made structures,

i ECOSYSTEM ELEMENTS ¯ Levees, bridges, and bank protection,

i Chinook salmon are closely dependent on̄ Dredging andsedimentdisposal,
ecological processes and habitats and adversely
affected by a variety of stressors. ¯ Gravel mining,

i ¯ Predation and competition,
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¯ Contaminants, above Shasta Dam. They are presently maintained
in artificial cold-water habitat below Keswick

¯ Harvest,                                     Dam in the Sacramento River and in a special
hatchery program. Because they are so vulnerable

¯ Some aspectsof artificialpropagation to disasters (e.g., a toxic spill from Iron Mountain
programs, and mine, just upstream), at least one other naturally

reproducing population needs to be established to
¯ Disturbance. reduce the probability of extinction. Battle Creek,

a cold-water stream to which winter-run chinook
STRATEGIC OBJECTIVES, have been deliberately denied access in the past, is

the best and probably only site available for such
TARGETS, AND restoration. It is unlikely, however, that winter-run

PROG RAM MATIC chinook salmon will ever be much more abundant
than specified in the recovery plan goals because

ACTIONS available habitat is so limited.

The strategic objectives for chinook salmonSTAGE 1 ~d=ECTATIONS." The cohort
include discreet strategies for winter-run chinook,replacement rate (the number of future spawners
spring-run chinook, and fall- and late-fall chinookproduced by each spawner) in 7-10 years should
salmon. The objectives follow, continue to exceed 1.7 (as it has in recent years),

and average abundance should increase. Battle
WINTER-RUN CHINOOK S,~J.MON Creek restoration should have proceeded to a

point where a determination can be made
The Strategic Objective is to regarding the benefits of re-introducing winter-run

~_ restore winter-run chinook chinook. The determination will be based on
salmon to the Sacramento genetic considerations. The probability of

¯River and the Bay-Delta extinction of winter-run chinook will have been
estuary, recalculated using assumptions regarding the

establishment of an additional self-sustaining

LONG-TERM    OBJECTIVE:        Create      winter-run chinook population.
self-sustaining populations of winter-run chinook

SPRING-RUN CHINOOK SALMONsalmon in both the mainstem Sacramento River
and in Battle Creek at abundance levels equal to or
greater than those identified in the National,t                 The Strategic Objective is to
Marine Fisheries Service (NMFS) proposed ~I~ restore spring-run chinook
Recovery Plan for Sacramento River Winter-run

~                  salmon to Central Valley
Chinook Salmon (NMFS 1997). , streams and the Bay-Delta

estuary.
SHORT-TERM OBJECTIVE: Achieve recovery
as defined in the NMFS proposed Recovery PlanLONG-TERM OBdECTIVE-" Restore wild,
for Sacramento River Winter-run Chinook naturally reproducing populations of spring-run
Salmon. chinook salmon to numbers or spawning densities

in the Sacramento River system equal to those that
R/~TIONALE-" Winter-run chinook salmon are existed in the 1940s (average of 70,000-80,000
unique to the Sacramento River and are adapted toper year), as measured over a period of at least 25
spawn in the cold, spring-fed rivers now locatedyears.

Volume I: Ecosystem Restoration Program Plan
Vision for Chinook Sa/mon

~ ~ June 1999

217

C--01 91 03



SHORT-TERM OBJECTIVE: Achieve recovery Creek, to support runs of spring-run chinook
as defined by the Delta Native Fishes Recoverysalmon should be evaluated. The potential for
Plan and the California Department of Fish andusing artificial propagation as a tool to expedite
Game or in a federal recovery plan developed ifreintroduction to former habitat will have been
they are formally listed as a threatened orevaluated and, if deemed appropriate by the
endangered species, resource agencies, a propagation program should

be implemented.
RATIONALE: Spring-run chinook salmon were
historically the most abundant run of salmon inLATE-FALL-RUN CHINOOK SALMON
central California. Unfortunately, they spawned.
primarily in stream reaches that are now above The Strategic Objective is to
major dams. The biggest declines in their restore late fall-run chinook
abundance occurred after Shasta and Friant dams salmon to Central Valley
were built (1944 and 1942, respectively). A run streams and the Bay-Delta
of 50,000 spring-run chinook salmon alone was estuary.
stranded when Friant Dam shut off San Joaquin
River flows. Attempts to rear spring-run chinook
salmon in hatcheries have largely failed, and bothLONG-TERM OBJECTIVE." Restore wild,
hatchery and wild populations in the Sacramentonaturally reproducing populations of late-fall-run
River proper are hybridized with fall-run chinook, chinook salmon to numbers or spawning densities

in the Sacramento River equal to those that existedTheonlystreamsmaintainingsmallrunsof wild,
unhybridized spring-run chinook salmonare Deer,in 1967-1976, as measured over a period of at
Mill, Butte and Big Chico Creeks. Spring-run least 25 years, and reestablish a self-sustaining
chinook have been listed as threatened by thepopulation in the San Joaquin River drainage.
California Fish and Game Commission
(September 1998) and were proposed for federal SHORT-TERM OBJECTIVE: Achieve recovery,
listing as endangered in 1997. It is uncertainas defined by the Delta Native Fishes Recovery
whether additional subpopulations can bePlan or in a federal recovery plan developed if the
reestablished in other Sacramento River basinspecies is formally listed as threatened.
streams or in the San Joaquin River basin, but the
possibilities need to be investigated. IfRATIONm.E: Late-fall-run chinook salmon have
establishing additional subpopulations islong been recognized as a distinct run in the
impossible, the long-term objective may have toSacramento River and, formerly, in the San
be modified downward. Joaquin River. Their numbers in the Sacramento

River were not quantified until Red Bluff
STAGE 1 EXPECTATIONS: Better methods for Diversion Dam was completed in 1967. The dam
estimating population sizes should be developed,was a major factor contributing to their most
Populations in Deer, Mill, and Butte creeks shouldrecent decline. The NMFS does not distinguish
remain within numbers found in the streams inlate-fall-run from fall-run chinook salmon in its
1990-1998, with a cohort replacement rate greater listing proposal (Myers et al. 1998), but the two
than 1. Factors limiting survival of out-migratingforms represent distinct life history patterns in the
smolts should be determined. The ability of BigSacramento River and therefore need to be
Chico Creek to sustain a spring-run chinookmanaged separately. Late-fall-run chinook were
population should be evaluated and measuresmainstem spawners and probably were separated
taken to improve its capacity to support salmon,from their principal spawning grounds by Shasta
The potential for other streams, including Battleand Friant dams. Restoration may be possible in

rivers that have had their flow regimes adjusted to
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accommodate the oversummering of juvenilesMuch of the habitat previously available for
(e.g., Tuolumne River). wild-spawning fish is permanently disconnected

from the migration corridors. However, the
S’rAGt= 1 F_XPEerATIONS-" Late-fall-run remaining habitat or the "new" habitat in the
chinook salmon numbers should not fall lowertailwaters of large dams should be usable for
than they have been inthe 1990s. Factors limitingspawning at densities (fish per unit of habitat,
their abundance should be determined, andeither area or distance) as great as those that
methods to determine their abundance should beexisted before the construction of Shasta, Friant,
developed, and other dams. The objective, therefore, is to

restore the spawning densities of fall-run chinook
FALL-RUN CHINOOK SALMON salmon to values existing before Shasta and Friant

Dams were built. The restoration of salmon to

The Strategic Objective is to      pre-dam densities using primarily currently

~ restore self-sustaining fall-run available habitat depends on assumptions about

chinook salmon to Central habitat quality and the biology of the fish that

Valley streams and the Bay- need to be tested.

Delta estuary.
STAGE 1 EXPECTATIONS: Numbers of wild
fall-run chinook salmon should not fall lower than

LONG-TERM OBJECTIVE: Restore they have been in the 1990s. Factors limiting their
self-sustaining populations of fall-run chinookabundance in each major river should be
salmon to all their native streams, except thosedetermined, including the impact of hatchery fish.
above Shasta Reservoir, with numbers of fish ofPrograms (e.g., mass marking of hatchery
wild origin equal to or exceeding the averagejuveniles) should be instituted to allow hatchery
numbers of fish of both hatchery and wild originfish to be distinguished from wild fish, and
from 1980-1998. surveys should be made to determine the

contribution of hatchery fish to natural spawning.
SHORT-TERM OBJECTIVE: Recover San The overall target for chinook salmon is presented
Joaquin fall-run chinook salmon to levelsas a strategy to increase the survival and return of
identified in the Delta Native Fishes Recoveryeach generation. ERPP’s approach is to contribute
Plan, and in the Sacramento River, have wildto managing and restoring each stock with the
salmon spawners number 75,000-100,000 fishgoal of maintaining cohort replacement rates of
each year, assuming that salmon of wild originmuch greater than 1.0 while the individual stocks
make up 50% of the fall run. are rebuilding to desired levels. When the stocks

approach the desired population goals, ERPP will
RATIONALE’- When Shasta and Friant dams contribute to maintaining a cohort replacement
were built, implicit promises were made thatrate of 1.0. In practical application, management
fisheries for salmon would not decline. It wasand restoration goals need to be developed on a
assumed that hatcheries and habitat improvementsstream-specific basis and include all runs of
would make up for any losses caused by the dams.chinook salmon.
The hatchery system has been at best a partial
success even though it has focused heavily onThe strategy for achieving the chinook salmon
fall-run chinook salmon. Because of thevision includes protecting existing populations,
hatcheries, the status of wild populations in therestoring ecological processes, improving habitats,
Central Valley is uncertain, and concerns existand reducing stressors. The following actions
about genetic and other effects of hatcherywould improve chinook salmon populations:
programs on the wild-spawning stocks.
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I
¯ Restore ecological processes in the Central harvest of hatchery-produced fish. A short-

I Valley. Chinook salmon are dependent on term action would be to evaluate mass
adequate streamflows; gravel recruitment, marking of all hatchery-produced chinook
transport, and cleansing; " low water salmon and limiting harvest to only marked

I temperatures; and channel configurations, salmon. Another short-term action would be
to promote hatchery practices that embody the

¯ Maintain adequate streamflows to improve concepts.of genetic conservation.

i gravel recruitment, transport, and cleansing;
water temperatures; and channel conditions.̄ Eliminate stressors that cause direct or
Improved streamflow would also provide indirect mortality of chinook salmon.

I attraction flows for adult salmon migrating Important stressors on chinook salmon
upstream to spawning grounds through the include insufficient streamflow, high water
Bay, Delta, and lower rivers. Flows also temperatures, blockages at diversion dams,
support downstream transport for juvenile predation near human-constructed structures,
salmon migrating to the ocean and minimize contaminants, unscreened diversions, and
losses to diversions and predators. Short-term harvest. ERPP focuses on reducing each of

i improvements in flows may be possible with these stressors in the short term and
existing supplies. Necessary changes in eliminating the conditions that bring about the
streamflows may require long-term water stress factors in the long term by restoring

I supply improvements, natural processes and eliminating stressors
where feasible.

¯ Restore habitats required by chinook salmon.
Where ecological processes cannot restore REFERENCESI habitats the desired habitats beto level, can
improved using direct measures. Important       Boydstun, L.B., R.J. Hallock, and T.J. Mills.

I
habitat components for chinook salmon 1992. Salmon in: California’s living marine
include spawning gravel, water temperatures, Resources and their utilization. W.S. Leers,
and access to spawning habitats. In the short C.M. DeWees, and C.W. Haugen eds. Sea
term, gravel can be introduced to rivers where Grant Publication UCSGEP-92-12. 257 p.i needed. Fish passage facilities can be
upgraded where deficient. Generally, habitatCalifornia Department of Fish and Game. 1998.
quality and availability along the lower Report to the Fish and Game Commission: Ai reaches of the major rivers and in the Delta

status reviewof the spring-runchinook
have been greatly diminished by the salmon (Oncorhynchys t~hawyt_ scha)in the
construction of levees; construction of levees Sacramento River Drainage. June 1998.I that isolated rivers from their floodplains;
and removal or other loss of riparian, shaded Johnson, R., D. Weigand, and F. Fisher. 1992.
riverine, and woody debris habitats. A major Use of growth data to determine the spatial
long-term commitment will be required to and four oftemporaldistributionof runs
restore the habitats in these areas. juvenile chinook salmon in the Sacramento

River, California. U.S. Fish and Wildlife¯ Protect existing populations in the Central Service: AFF1/FRO-92-15.
Valley. The ERPP focuses on supporting
efforts to protect existing natural populationsMills, T.J., D.R. McEwan, and M.R. Jennings.

I of chinook salmon by limiting harvest of 1996. California salmon and steelhead:
naturally spawned fish while emphasizing the beyond the crossroads, p. 91-111. In D.
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I
Stouder, P. Bisson, and R. Naiman, (eds.), Pacific Central Valley of California. U. S. Fish and
salmon and their ecosystems: status and future Wildlife Service, May 30, 1997.112 p. I~
options. Chapman and Hall, New York.

Mills, T.J. and F. Fisher. 1994. Central Valley
anadromous sport fish annual run-size,
harvest, and population estimates, 1967
through 1991. California Department ofFish
and Game, Inland Fisheries Technical Report,
Revised August 1994. 70 p.

National Marine Fisheries Service. 1997. NMFS
proposed recovery plan for the Sacramento
River winter-run chinook salmon. National
Marine Fisheries Service, Long Beach, CA.
March 6, 1996. 233 p.

National Marine Fisheries Service. 1998. Status
review of chinook salmon from Washington,
Idaho, Oregon, and California. NOAA
Technical Memorandum NMFS-NWFSC-95.
443 pp.

Pacific Fishery Management Council. 1999.
Review of the 1998 Ocean salmon fisheries.
Pacific Fishery Management Council,
Portland, Or.

Reynolds, F.L., T.J. Mills, R. Benthin, and A.
Low. 1993. Restoring Central Valley
Streams: A Plan for Action. California
Dep~artment ofFish and Game. 189 p.

Strategic Plan for Ecosystem Restoration. 1999.
Appendix to the CALFED Bay-Delta Program
Environmental     Impact     Statement
/Environmental Impact Report. June 1999.

U.S. Fish and Wildlife Service. 1996. Recovery
Plan for the Sacramento-San Joaquin Delta
Native Fishes. U.S. Fish and Wildlife Service,
Portland, OR.

1997. Revised draft anadromous
fish restoration plan: a plan to increase the
natural production ofanadromous fish in the
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¯ STEELHEAD TROUT

trend reflected in the Red Bluff Diversion Dam
(RBDD) counts: numbers declined from an
average annual count of 11,187 adults for the ten-
year period beginning in 1967, to 2,202 adults
annually in the early 1990s. The average
escapement estimates for wild (natural spawners)
above RBDD for the same time periods was 6,819
and 893, respectively (McEwan and Jackson
1996).

I | N TROD U CTI O N Hallock et al. ( 1961) reported that the composition
of naturally produced steelhead in the population
estimates for the 1953-54 through 1958-59

Steelhead trouts are an anadromous form ofseasons averaged 88%. This is probably not
I refl.ective of present composition in the Centralrainbow trout. Thisspecies freshwater,spavcns

its juveniles rear in cool water for a year or moreValley system, due to the large-scale loss of
before migrating to the ocean. Steelhead spendspawning and rearing habitat and increases inI one to three years in the ocean before maturinghatcheryproduction.Duringthetimeperiodof the
and returning to fresh water to spawn. While theyHallock et al. study, only Coleman and Nimbus
rear in fresh water, young steelhead arehatcheries wereinoperation. Today, four Central
susceptible to mortality resulting from elevatedValleysteelheadhatcheries(MokelumneRiver,water temperatures and a variety of other adverseFeather River, Coleman and Nimbus hatcheries)
environmental and habitat factors, collectively produce approximately 1.5 million

I Steelhead is one of the listed species for which
steelheadyearlingsannually.

actions are developed to achieve its recovery.          Historically, steelhead ranged throughout the

I Sacramento River system (including both east-
The California Fish and Wildlife Plan estimatedand west-side tributaries) and the San Joaquin
that there were 40,000 adult steelhead in theRiver system. Historical documentation exists that

I Central Valleydrainages inthe late 1950s, andshow steelhead to have been widespread
Hallock et al. (1961) estimated that the averagethroughout the San Joaquin River system, At
annual steelhead run size was 20,540 adults in thepresent, naturally spawning populations of
Sacramento River system above the mouth of theI steelhead are known to occur in the upper
Feather River. In the early 1960s, It is estimatedSacramento River and tributaries, Mill, Deer, and
that 30,000 adult steelhead returned to CentralButte creeks, and the Feather, Yuba, American,

i Valley rivers and streams (Mills et aI. 1996, Mills
and Fisher 1994).

and Stanislaus rivers. However, the presence of
naturally spawning populations appears to
correlate well with the presence of fish monitoring

i In the early 1990s, the total (hatchery and wild)
annual run size for the entire system was roughly

programs, and recent implementation of
monitoring programs has found steelhead in

estimated to be no greater than 10,000 adult fishstreams previously thought not to contain a

i (McEwan and Jackson 1996). A more reliable population, such as Auburn Ravine, Dry Creek,
indicator of the magnitude of the decline ofand the Stanislaus River. It is possible that
Central Valley hatchery and wild stocks is the
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naturally spawning populations exist in manythe perennial headwaters, and these conditions
other streams but are undetected due to lack ofmay have persisted for years.

Imonitoring or research programs (IEP Steelhead
Project Work Team 1999). Having several different life-history strategies

among a single population effects "bet-hedging"

IRI~SOU RCI= D I::SGRI PTI O N against extinction. If ecological conditions are not
conducive for a particular life history form to

Rainbow trout exhibit one of the most complexsurvive and reproduce, the population would be

Ilife histories of any salmonid species. Those that
sustained by other life history forms that could

exhibit anadromy (i.e., migrate as juveniles fromsuccessfully reproduce (usually the resident fish).

fresh water to the ocean and then return to spawnHowever, for this mechanism to be effective in

Iin fresh water as adults) are called steelhead,sustaining the population, the ecological linkages

Rainbow trout populations appear to be structured
between the various life-history forms, and the
habitat linkages between the lower river reachesaround several key life-history traits and a
and the headwaters, must be maintained. The

icontin’uum of migratory behaviors, the two
large-scale disruption of this linkage that hasextremes being anadromy (strongly migratory)

and residency (non-migratory). Within these
occurred in the Central Valley through the

extremes are potamodromous (river migratory),
placement of impassable dams on many streams

I
and possibly estuarine and coastal forms. All ofmay go a long way in explaining the significant

the life-history forms within a particular stream
decline of Central Valley steelhead stocks.

comprise a single, interbreeding population. Generally, juvenile steelhead typically migrate to I

This complexity of life history forms can also beocean waters after spending 1-3 years in fresh

found in individual behaviors. A rainbow troutwater. Most Central Valley steelhead migrate to
!can mature in fresh water and spawn, thenthe ocean after spending two years in fresh water

migrate to the ocean and return to spawn in(Hallock et al. 1961). They reside in marine

subsequent years as a steelhead. Morewaters for typically 2 or 3 years before returning
Ito their natal stream to spawn as 3- to 5-year-oldimportantly, there is evidence that progeny can

exhibit a different life-history strategy than that offish. Unlike Pacific salmon, steelhead are

their parents (e.g., offspring of steelhead can
iteroparous (i.e., they are capable of spawning

Iadopt a resident lifestyle and the offspring ofmore than once before they die). However, post-

resident trout can migrate to the ocean andspawning survival rates are generally low, thus the

becomeTeam 1999).steelhead ) (IEP Steelhead Project Work
morePercentagethan once°f adultSis low.in the population that spawn

I

Biologically, steelhead can be .categorized into

I
A complex structure and flexibility in ’
reproductive strategies among a single populationtwo reproductive ecotypes according to their state

may be necessary for the long-term persistence of
of sexual maturity at the time of river entry, the
duration of their spawning migration, and

the population in environments that are frequently
Isuboptimal and not conducive to consistent,behavior. These two ecotypes are termed stream

annual recruitment of migrants to the ocean. Itmaturing and ocean maturing (also known as
summer steelhead and winter steelhead,was not uncommon, even under unimpaired
respectively). Stream maturing steelhead enter Iconditions, for the lower reaches of many Central

Valley streams to become intermittent during thefresh water in a sexually immature condition and

dry season (and longer), isolating individuals inrequire several months to mature and spawn.

IOcean-maturing steelhead enter fresh water with
well-developed gonads and spawn shortly
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thereafter. Central Valley steelhead stocks are ofIn reviewing the status of steelhead, NMFS
the ocean-maturing type and are called winter(1996a) concluded that the Central Valley ESU is
steelhead. Some evidence suggests that summerin danger of extinction due to the following:
steelhead were once present but that construction
of large dams on major tributaries, which would¯ water diversion and extraction
have blocked adults from reaching the deep pools̄ mining
they need to oversummer, most likely eliminated̄ agriculture
these populations. ¯ urbanization

habitat blockages
The National Marine Fisheries Service (NMFS) ¯ logging
has identified steelhead populations in the Central̄ harvest
Valley as composing a single evolutionarilȳ hydropower development, and
significant unit (ESU). ESUs are defined using ā hatchery introgression.
variety of physical and biological data, including
the physical environment (geology, soil type, airSteelhead are somewhat unique in that they
temperature, precipitation, riverflow patterns,depend on essentially all habitats of a river
water temperature, and vegetation); biogeographysystem. Steelhead use the estuary for rearing and
(marine, estuarine, and freshwater fishadapting to saltwater. The main channel is used
distributions); life history traits (age at smolting,for migrating between the ocean and upstream
age at spawning, river entry timing, spawningspawning and rearing areas. The tributaries are
timing); and genetic uniqueness, used for spawning and rearing. They are,

therefore, found in virtually all ecological
The Central Valley steelhead ESU comprises themanagement zones and many of their respective
Sacramento River and its tributaries and the Sanecological management units.
Joaquin River and its tributaries downstream of
the confluence with the Merced River (includingOverall, the decline of the steelhead trout
the Merced River). Recent data from geneticpopulation resulted from the cumulative effects of
studies show that samples of steelhead from Deerdegrading habitats and environmental processes
and Mill creeks, the Stanislaus River, Colemanand functions. These factors include constructing
National Fish Hatchery on Battle Creek, and dams on the larger rivers and streams which
Feather River Hatchery are well differentiatedeliminated access to critical habitat for adults and
from all other samples of steelhead fromjuveniles; excessively warm water temperatures
California (Busby et al. 1996; NMFS 1997). during the rearing period of juvenile steelhead;

interrupting or blocking the free passage of

Adjusted Counts at Red Bluff Diversion Dam juveniles and adults at diversion dams; loss of

¯ , natural emigration cues due to altered flow

1o, .......
~[.~,_ T,,~,,,.o,,.~, ~"~""’ ~’/il         ¯

regimes resulting from the export of water from
T*~’~-~ ii large diversions in the south Delta; unscreened

~ 1, ~ and poorly screened diversions which entrain fish
.~ 1, ~, as they are migrating; and charmelization, levee

’* ~ construction, and land use which have led to
~. degradation and loss of woody debris, shaded
~ , ~ riverine aquatic, riparian corridors and forests, and

= ~ floodplain functions and habitats. The single, most
, ~. limiting factor for the decline of Central Valley

access
82% to 95% of historical spawning and rearing

~ ~
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habitat (Reynolds et al. 1993; Yoshiyama et al.regulations consistent with restoring ecosystem
1996). processes and functions; support additional

research to address large deficiencies in
A host of other factors has also contributed to theinformation regarding steelhead freshwater and
decline of the steelhead trout, but perhaps to aocean life history, behavior, habitat requirements,
lesser degree. These include thevarious smallerand other aspects of steelhead biology; and
water diversion facilities and dams; extensive lossprovide opportunities for angling and
of rearing habitats in the lower Sacramento River,nonconsumptive uses.
San Joaquin River, and Sacramento-San Joaquin
estuary through levee construction and marshlandIn addition, the strategy includes operating Central
reclamation; and the interactionwith and Valley hatcheries to protect and maintain the
predation by non-native species, existing genetic diversity of naturally spawning

populations and provide hatchery-produced fish
VISION for a healthy recreational fishery.

NMFS has recommended general conservationThe vision for Central Valley steelhead trout is to
recover this species listed as threatened under themeasures for steelhead throughout their Pacific

coast Theserange. conservation whenESA and achieve naturally spawning populations measures,

of sufficient size to support inland recreationalapplied to the Central Valley, include the

fishing and that fully uses existing and restoredfollowing:

habitat areas. Achieving this vision will primarily
require restoring degraded spawning and rearing

¯ Implement land management practices that

habitats and enhancing fish passage to historical protect and restore habitat. Existing practices

habitat. Reestablishing the ecological linkage that may affect steelhead include timber

between headwaters and lower reaches by harvest, road building, agriculture, livestock

restoring steelhead access to historical habitats grazing, and urban development.

above dams is the most important element to
achieve thevision.

¯ Review existing harvest regulations to
identify any changes that would further

This vision is consistent with restoring populations          protect Central Valley steelhead.
of steelhead to levels that eliminate the need for̄

Incorporate practices to minimize impacts onany future protection under the State and federal
Endangered Species Acts (ESAs). To achieve this native populations of steelhead into hatchery

vision, ecological functions and processes that programs.

create and sustain steelhead habitats would be
maintained and restored and stressors and known

¯ Make provisions at existing dams to allow the

sources of mortality would be reduced or upstream passageofadultsteelhead.

eliminated. ¯ Provide adequate headgate and staff gage

The strategy for attaining this vision is to restore structures at water diversions to control and

degraded spawning and rearing habitat in effectively monitorwaterusage, and enforce

tributaries; restore access to historical habitat that water rights.

is partially or completely blocked; dedicate more
water in storage to provide adequate tailwater

¯ Screen irrigation diversions affecting

habitat conditions (primarily water temperature) downstream migrating steelhead.

year-round below dams; support angling

¯
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I Within the broad context of ecosystem restoration, RECOVERY GOALS
steelhead restoration will include a wide variety of

I efforts, many are being implemented The National Marine Fisheries Service has notof which for
other ecological purposes or which are notdeveloped a proposed recovery goal for the

i specific to steelhead trout. For example,Central ValleysteelheadESU.
restoration of riparian woodlands along the
Sacramento River between Keswick Dam andThe U.S. Fish and Wildlife Service developed a

i Verona will focus on natural stream meander,target production level for steelhead spawning
flow, and natural revegetation/successionalupstream of Red Bluff Diversion Dam in
processes. These will be extremely important in      conjunction with their development of the

I providing shaded riverine aquatic habitat, woodyAnadromous Fish Restoration Program (USFWS
debris, and other necessary habitats required by1997). The target production level is 13,000 adult
lower trophic organisms and juvenile and adultsteelhead. The Service was constrained from
steelhead populations, developing additional target production levels for

I streams elsewhere in the Central Valley due to a
Operation of the Central Valley water storage and lack of abundance data for other populations.
conveyance systems for their potential ecological

I benefits can be one of the more important
elements in restoring a wide spectrum of INTEGRATION WITH
ecological resources, including steelhead trout. OTH ER RESTORATION

I Inadequate connectivity between upstream PROGRAMS
holding, spawning, and rearing habitat in certain

I tributary streams has impaired or reduced theTwo major programs to restore steelhead trout
reproductive potential of most steelhead stocks,populations exist within the Central Valley. The
Providing stream flows, improving fish ladders,U.S. Fish and Wildlife Service’s goal, as

I and removing dams will contribute greatly toestablished by the Central Valley Project
efforts torebuildsteelheadpopulations. Improvement Act, is to double the natural

production of Central Valley anadromous fish

i One critical effort will be to conduct the necessarystocks by 2002 (USFWS 1995). The California
evaluations and analyses to determine theDepartment of Fish and Game is required under
potential benefits and consequences ofState legislation (The Salmon, Steelhead Trout

I reintroducing certain steelhead stgcks above majorand Anadromous Fisheries Program Act of 1988)

dams to provide access to historic spawning andto attempt to double the numbers of steelhead
rearing areas. The potential transfer of adult fishestimated to have been present in the Central
above the dams may be straightforward, but theValley in 1988 (McEwan and Jackson 1996,

I Reynolds et al. 1993, and McEwan and Nelsonsuccessfulemigrationdownstreambyjuveniles
cannot be ensured. Juvenile salmonid passage at1991).
large dams in the Columbia River basin has hadI little success and the viability of this option toEachof thesesteelheadtrout restorationprograms
protect and restore naturally spawning steelheadhas developed specific restoration goals for
trout in the Central Valley is unknown. Central Valley steelhead trout stocks.

I Implementation of the steelhead vision strategy
will contribute to each agency’s program through
the restoration of critical ecological processes and

I functions, restoration of habitats, and reduction or
elimination of stressors.
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LINKAGE WITH OTHER ¯ Tidal perennial aquatic habitat,
¯ Delta sloughs,

ECOSYSTEM ELEMENTS ¯ Midchannel islands and shoals,
¯ Saline and fresh emergent wetlands,

Steelhead trout are closely dependent on̄ Riparian and riverine aquatic habitats, and
ecological processes and habitats and adverselȳ Freshwater Fish Habitats.
affected by a variety of stressors. Many of the
stressors affecting abundance, persistence, andStressors that adversely affect steelhead trout or

of steelhead were initially identified as its habitats include:recovery
stressors that constrain Central Valley chinook
salmon populations, and were applied secondarilȳ Water diversions,
to steelhead because they are an anadromous fish̄ Dams and other structures,
with a generally similar life history. For the most̄ Levees, bridges, and bank protection,
part, stressors that affect chinook salmon alsō Dredging and sediment disposal,
affect steelhead. However, because of the focus̄ Gravel mining,
on chinook salmon, it is often assumed that̄ Predation and competition,
steelhead have been affected by the identified̄ Non-native wildlife,
stressors to the same degree as chinook salmon,̄ Contaminants,
hence it is a common misconception that̄ Harvest, and
alleviation of the stressor to the level that it nō Artificial propagation programs.
longer impacts a chinook salmon population will
result in steelhead population increases. In reality, STRATEGIC OBJECTIVE,some stressors cause greater impacts on steelhead
populations than they do on chinook salmon TARGETS AND
populations. For example, high water temperatures FROG RAM MATI C
affect juvenile steelhead to a greater degree than
juvenile fall-run chinook salmon because most ACTIONS
fall-run chinook have emigrated to the ocean by
early summer before high water temperatures The Strategic Objective is to
occur, and steelhead must rear through summer,~ restore self-sustaining Central
and fall when water temperatures are more likely

~                 Valley steelhead to Centralto become critical. . Valley streams and the Bay-
Delta estua~.

Important ecological processes the directly
influence the health of steelhead trout or its habitat
include: LONG-TERM OBJECTIVE: Restore self-

sustaining populations of steelhead to all streams

¯ Central Valley streamflows, that historically supported steelhead populations

¯ Coarse sediment supply, and contain suitable habitat, or could contain

¯ Stream meandercorridors, suitable habitat with the implementation of

¯ Natural floodplain and flood processes, reasonable restoration and protection measures.

¯ Central Valley stream temperatures, Numbers offish of natural origin should exceed in

¯ Bay-Delta hydraulics, and most years the estimated population level in the

¯ Bay-Delta aquatic foodweb, early 1960s: 40,000 adult spawners annually.

Habitats used by steelhead trout during theirSHORT-TERM OBJECTIVE: Determine the

juvenile or adult life stages include: abundance, distribution, and structure of existing

~ ~
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steelhead populations, and develop and implementprovide temperatures adequate for summer rearing

I restoration measures and protections that have ain reaches below the major reservoirs. Now that a
relatively high degree of certainty of increasinghatchery marking program has been implemented
number andsize ofnaturally spawning so that hatchery and wild fish can be

I populations, differentiated, information on the status of natural
stocks can be obtained. Chinook salmon

RATIONALE: Because dams have been emigration studies should be augmented so that
constructed atlow elevations on all major information regardingsteelhead is obtained, andI tributaries of the Sacramento and San of adult allJoaquin monitoring spawnerescapementon

rivers, steelhead have been denied access to mostmajor tributaries should be implemented. Use of
of their historical spawning and rearing habitatsthe steelhead life-stage assessment protocol (see

upstream areas, was generally below) by monitoringin It assumedthat the anadromousfish
hatchery production would make up for any lossesprograms will provide valuable information on
caused by the dams; however, hatchery productionnatural steelhead distribution (IEP Steelhead

I of steelhead has been limited by numerousProject WorkTeam 1999).
problems. For example, one major hatchery
(Nimbus) raises steelhead derived from fishThe following actions would help to achieve the

I imported from the Eel River and other sourcesshort-and long-term restoration of Central Valley
because native steelhead were in short supply),steelhead populations:
Because of the hatcheries and changes to the

I rivers, the exact status of wild populations in thē Implement a coordinated approach to restore
Central Valley is unclear, but the populations are ecosystem processes and functions, including
certainly at low levels. The largest remaining restoring access to historical habitat presently

I populations of wild steelhead appear to be in the blocked by dams.
upper Sacramento River and its tributaries, but the
status of these runs is unknown. Because of thē Implement measures to restore habitat when

I severe decline of Central Valley steelhead, the restoration of ecosystem processes and
NMFS has listed them as threatened under the functions is not feasible. This includes
federal Endangered Species Act. The objective, providing adequate flows and water

I therefore, is designed to restore the numbers and temperatures in tailwater habitats below the
spawning densities of wild steelhead to a point major reservoirs.
where the species can remain viable and can

I sustain a substantial sport fishery. The restoration̄ Protect spawning and rearing habitat in upper
of steelhead to reasonably high numbers and tributary watersheds.
densities in currently available habitat depends on

= ¯ assumptions about habitat quality and the biologȳ Improve riparian corridors in lower tributaries

| of the fish that need to be tested. It is likely that and rivers.
restoration of this fish will require providing it
with access to upstream areas now blocked by¯ Improve estuary habitat.

I dams.
¯ Manage and operate the four hatcheries in the

STAGE 1 EXPECTATIONS: Central Valley Central Valley that propagate steelhead in
steelhead numbers should not fall lower than they order to protect the genetic diversity of
have been in the 1990s. Ongoing efforts to naturally and hatchery produced stocks and to
provide passage at impassable dams on key minimize ecological impacts of hatcheryI tributaries as Battle, Clear, releases on natural populations.such andButtecreeks
should be accelerated.Water operations should
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¯ Provide sufficient flows in lower tributaries result of the narrow focus of most anadromous
for immigration and emigration to improvefish monitoring programs: because chinook
migration success, salmon are commercially exploited, highly visible,

and politically sensitive, they have received the
¯ Reduce losses to unscreened diversions, majority of limited monitoring funds and effort.

This narrow focus was reinforced by the belief
¯ Increase the scope of catch-and-releaseamong resource agencies that steelhead suffer

recreational fisheries for naturally producedfrom the same level of impacts as do chinook
steelhead. (Note: The Fish and Gamesalmon, and assessment of impacts would be
Commission has adopted more stringentsimilar forsteelhead.
angling regulations for the Central Valley,
including the elimination of retention ofNatural constraints result from life-historytraits
unmarked (wild) steelhead except for a that are common to all Central Valley steelhead
limited area in the upper Sacramento River.) that make them difficult to monitor and assess.

Adults tend to migrate during high flow periods,
¯ Implement programmatic actions proposed inwhich make it difficult to observe them and

the 14 ecological management zone visions todifficult to maintain counting weirs and other
help achieve steelhead targets by creating andmonitoring equipment and structures. Carcass
sustaining improved habitat conditions andsurveys, a reliable method to estimate chinook
reducing sources of mortality, salmon spawning escapement, is not applicable to

steelhead because many survive spawning and
OTHER ISSUES AND most others do not die on the spawning grounds.

INFORMATION NEEDS Although steelhead redds can be discemed from
salmon redds, they are difficult to observe because

The Comprehensive Monitoring, Assessment, andsteelhead spawn at higher flows than do chinook

Research Program (CMARP - see Overview salmon. Trap efficiencies are lower f or juvenile

section) identifies six major knowledge gaps andsteelhead because emigrating juveniles can more

monitoring needs for steelhead (CMARP Steeringreadily escape trapping because of their larger

Committee 1999). In addition, a conceptual size, relative to chinook salmon.

model was developed for Central Valley steelhead
and has been incorporated into the CMARP plan In addition to the CMARP documents, NMFS

as a technical appendix (IEP Steelhead Projecthas provided additional information regarding

Work Team 1999). These documents describe factors influencing the decline of steelhead,

past research and monitoring projects forongoing steelhead conservation efforts, and areas

steelhead, identify what is known about their lifewhere clarification and additional studies are

history and status, review the adequacy of existingneeded to provide better assurances that the

anadromous fish monitoring projects in terms ofactions proposed for steelhead restoration are

their ability to obtain steelhead information, andadequate (National Marine Fisheries Service

recommend new monitoring and assessment1996a and 1996b). Information needs

programs or enhancements to ongoingcorresponding to the major knowledge gaps

anadromous fish monitoring programs that willidentified by the CMARP documents and other

address the identified knowledge gaps. issues identified by the NMFS are described
below:

The knowledge gaps are the result of institutional
and natural constraints to steelhead monitoring
and research. Institutional constraints are the

|
~ ~

Volume I: Ecosystem Restoration Program Plan ¯~Y.D~LTA Vision for S~eelhead Trout~" ~
June 1999

229                                                 I

C--01 911 5
(3-019115



¯ CURRENT DISTRIBUTION, ABUNDANCE space. This will be an important tool in
AND LIFE-HISTORY CHARACTERISTICS OF determining current distribution of steelhead.
NATURALLY SPAWNING POPULATIONS throughout the Central Valley.

Existing monitoring projects have shown thatACTION - More comprehensive monitoring is
needed to determine system-wide distribution. Innaturallyspawningsteelheadpopulationsexistin

the upper Sacramento River and tributaries, Mill,addition to existing monitoring, new projects
Deer, and Butte creeks, and the Feather, Yuba,should be initiated in the mainstem San Joaquin
American, and Stanislaus rivers.It is possible and Cosumnesrivers and Stony, Thomes,
that naturally spawning populations exist in manyAntelope, and Putah creeks. For the Stanislaus,
other streams but are undetected due to lack ofTuolumne, Merced, and Yuba rivers and Mill and
monitoring or research programs. Deer the chinook salmoncreeks, existing

monitoring projects should be augmented so that
From 1967 to 1993, run size estimates weresteelhead information can be obtained. Index
generated for steelhead using counts at thereaches could be established and monitored by
fishway on the Red Bluff Diversion Damelectrofishing, beach seining, hook and line, or
(RBDD). From these counts, estimates of naturalsome other method to document occurrence,
spawning escapement for the upper Sacramentoassess smolt production, and provide indices of
River above RBDD were made. Because ofabundance. The adult fish trap in the Daguerre
impacts to winter-run chinook salmon, thePoint Dam fish ladder, which is operated to
operation of RBDD was changed so that the dammonitor adult spring run chinook salmon, should
gates were raised earlier in the season, and thisbe utilized to monitor adult steelhead escapement
eliminated the ability to generate run-sizeas well.
estimates.

Another method of generating run-size estimates
Beginning with broodyear 1997, all steelheadfor the upper Sacramento River system, or
produced in Central Valley hatcheries wereperhaps an index, needs to be developed.
marked with an adipose fin clip. This program
will continue as a permanent hatchery practice atCapture of non-clipped juvenile steelhead in
these hatcheries. Marked juvenile fish weretributary monitoring projects will help elucidate
captured in smolt emigration studies beginning inthe location of naturally spawning populations.
1998 and marked adult steelhead began returningSome existing anadromous fish monitoring
in winter 1999. projects have begun recording the life stage and

the presence or absence of adipose fins on all
The IEP Steelhead Project Work Team hasrainbow trout observed or captured. All
developed a steelhead life-stage assessmentmonitoring projects should adopt these protocols
protocol that classifies rainbow trout by into their data collection regimen.
developmental life stage and includes diagnostics
for determining the degree of smoltification usinḡ GENETIC AND POPULATION STRUCTURE
a set of characteristics that is well-established in
the scientific literature. Implementation of aNMFS recently completed a genetic analysis on
standardized protocol to assign individual fish toCentral Valley steelhead as part of the west coast
one of several life-stage categories (yolk-sac fry,steelhead Endangered Species Act status review.
fry, parr, silvery parr, or smolt) will yield valuable This study provided useful information for
information regarding when and where naturally-purposes of delineation of Evolutionarily
produced steelhead smolts occur and Significant Units (ESU’s), but did not have thethe
disposition of juvenile steelhead through time andresolution necessary to provide meaningful
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information within ESU’s, such as the Central̄ Evaluate and describe genetic and population
Valley ESU. There is a need to augment this structures and genetic diversity of Central
analysis to provide comprehensive information on Valley steelhead populations.
the relationship of Central Valley steelhead
populations to each other and to other populationsI Compare genetic profiles and describe
of coastal rainbow trout. A genetic evaluation of phylogenetic relationship of Central Valley
Central Valley steelhead populations is necessary naturally-spawning and hatchery steelhead
to determine phylogenetic relationships among populations.
putative native rainbow trout, naturally spawning
steelhead, and hatchery steelhead that werē Analyze genotypes of self-sustaining, putative
founded from non-native broodstock. This native Central Valley rainbow trout
information will be useful in estimating the populations that are presently isolated above
structure and genetic diversity within and among artificial barriers to determine their
Central Valley steelhead populations, phylogenetic relationship to anadromous and

stream-dwelling rainbow trout populations
A generalized population structure can be inferred and strains.
from existing knowledge of rainbow
trout/steelhead life histories and behaviors, and̄ Provide genetic information on steelhead
from more specific studies on other anadromous populations of specific stream systems.
trout population (e.g., brown and cutthroat trout).
However more research into this topic isDetermining maturation status of rainbow trout
necessary to fully elucidate the interrelationship ofcaptured in the various monitoring projects will
the various life history forms, especially the non-assist in elucidating the population structure of
anadromous and anadromous forms. PopulationCentral Valley steelhead and will provide much-
ecology theory suggests that the non-anadromousneeded information on the extent of the
forms are important for population persistencecontribution of mature parr to the breeding
through periods of adverse climatic conditionspopulation. Parr maturation, especially in males,
(e.g., drought) and the anadromous forms areis common in steelhead and other polymorphic
important for recolonizing new and restoredsalmonid populations. Sexually mature non-
habitat after catastrophic events (e.g., wildfires)anadromous parr can be easily detected when
cause the extirpation of the non-anadromousworking up samples of juvenile steelhead and can
forms of a local population. This would suggestbe easily incorporated into the steelhead life-stage
that all life-history forms of a population may beassessment protocol (IEP Steelhead Project Work
necessary for long-term persistence of theTeam 1999). When collected systematically
population, throughout the system in conjunction with life

stage and condition, these data will provide
ACT=ON - A comprehensive, basin-wide information about the relationship of anadromous
evaluation using analysis of mtDNA andand non-anadromous forms and developmental
microsatellite DNA structure and allelevariation in steelhead, all of which has direct
frequencies could provide information that isbearing on population growth and dynamics.
essential for designing recovery actions and will
provide the context for successful interpretation of̄ INSTRma~n    FLOW
genetic relationships of steelhead populations in Tr:MPER, a, TOR~: CONdOr.
specific streams. Specific objectives of the
evaluation would be: Flow needs for chinook salmon and steelhead

often differ in timing; the most important flow
needs for steelhead are for cold water during the
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I summer and early fall, while increased flows for̄ ROLE OF INSTREAI~ HABITAT IN
chinook typically are scheduled for the spring and STEELHEAD PROTECTION AND

I migration periods, some cases,asmid-fall In such RESTORATION

the temperature criterion for winter-run chinook
from Keswick to Red Bluff, flow related actions Temperature regulation below mainstem dams has

I for chinook timed replaced a host of other ecological and physicalprovide appropriately
temperature modulation for steelhead. However,functions of flow as the focal point of setting flow
this situation is a rarity. Differences in the timingcriteria. However, maintenance of an adequate

I and amount of flow needed by each species havetemperature regime does not provide other
the potential to lead to difficult managementecological characteristics associated with cold
dilemmas in the event of extended drought, temperatures in upstream habitats, especially the

I type and availability of food resources and cover,
ACTION - Workshops and research designed to and refugia from predatory fish. Restoration of
contribute to developing flow-assessmentconnectivity among habitats will permit more

I protocols should pay equal attention to bothnatural movement patterns and habitat selection
steelhead and chinook salmon, and should alsoby steelheadjuveniles and adults.
specifically address differences in life history

I between these species that require tradeoffs inSteelhead and resident rainbow trout have been
flow conditions. This potential conflict should beshown to utilize seasonal habitats of intermittent
made explicit for locations where it is moststreams for spawning and rearing. Also, there is

I problematic (e.g., Stanislaus, American, Feather,evidence that steelhead populations exist in some
Mokelumne, and Yuba rivers, and Cottonwood small, low elevation Sacramento River tributaries
Creek). Effects of different flow regimes on(e.g., Dry and Auburn Ravine creeks) that do not
habitat attributes important for each speciescontain suitable habitatyear-round, or are limiting
should be evaluated for all water-year types. Thisin one or more suitable habitat characteristics.
information could be used to develop flow- Habitat characteristics, the extent of use of these

I allocation priorities where conflicts exist betweenstreams by steelhead, and life-history
the needs of both species, characteristics (spawning and emigration timing,

size/age at emigration, etc.) is unknown.

I A set of biological criteria including population
abundance, productivity, and location should beACTION - Given the intractability of re-creating
established to guide the decision-makingprocess,headwaters ecology below a mainstem dam,

I The objective should be to achieve droughtrestoration priority should be placed on both
protection for a well distributed set of naturalprotection of intact habitats and improving access
populations that could serve as the source ofto these habitats. The second tier of priority
colonists for populations that may be depleted orshould be degraded habitats that have the greatest

I potential for restoration to the combination ofextirpated during a prolonged drought.
Establishing priorities before a crisis exists shouldtemperature regime and ecological function that
yield a more thoroughly considered and readilyapproximate conditions in historic headwaters

I of action, habitats (Pacific Rivers Council 1996).implementablecourse

Locations where a conflict over flow allocation isThe extent ofsteelhead use of intermittent and low

I less should also be elevation strearns, habitat characteristics oftheselikely highlighted(e.g.,
mainstem Sacramento from Keswick to Red Bluff, streams, and life-history characteristics (spawning
Mill, Deer, Antelope, and Butte creeks). Battle, and emigration timing, size/age at emigration,

I Cow, and Clear creeks etc.) needs to be assessed.

i
~ ~
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¯ RESTORATION OF ACCESS TO ¯ ASSESSMENT OF FRESHWATER

HISTORICAL HABITAT PRESENTLY PREDATION RATES
BLOCKED BY DAMS

One of the ultimate factors often associated with
Because of the large-scale loss of spawning and the evolution of anadromy is escape from high
rearinghabitat that has occurred in the Central predation rates on egg and juvenile life stages in
Valley, restoring access to historical habitats the ocean environment. The relatively large egg
above impassable dams needs to be considered on size and low fecundity of steelhead are life-history
some streams. This would not only increase the adaptations that correspond with reduced juvenile
amount of available habitat for steelhead, but if mortality. Low freshwater predation rates are
spawning and rearing is allowed to take place in associated with headwaters habitats. Large
the upper reaches of a stream where it occurred predatory fish are more abundant and more
historically, this may reduce the reliance on the diverse in mainstem rivers than in headwaters
downstream areas below the dam for spawning streams. Largemouth and smallmouth bass have
and rearing, and this could reduce the need to been identified as important predators on juvenile
provide adequate flow and temperature conditions chinook salmon in the Tuolumne River (EA
in the lower reach. This could have a positive Engineering 1992). The effect of predation by
impact on water storage and power generation, introduced striped bass is uncertain.

A~nON - The Yuba River, and Battle and Clear Paired release experiments with chinook salmon
creeks are locations at which evaluating have provided information about conditions
opportunities to provide passage above existing affecting freshwater survival for this species.
barriers is most needed. Evaluation of habitat Inferring .the causative mechanisms responsible
capacity above barriers is an essential first step, for survival patterns is an important research topic
followed by a engineering feasibility study (Meral for both steelbead and chinook salmon.
and Moyle 1998). In addition to the drainages
named above, steelhead restoration above barriers ACTION - Paired release or other types of
should be pursued in at least one tributary of the experiments conducted with steelbead smolts at
San Joaquin. different sites throughout the Central Valley could

provide information on survival rates of migrating
Removal of barriers provides the highest juvenile steelhead. These experiments could be
probability of restoration success. However, the incorporated into the ERP adaptive management
limited number of locations in which barrier program. The potential for protecting wild
removal is feasible, and the limited amount of populations by manipulation of the timing and
habitat access provided, may be inadequate to distribution of hatchery releases is one strategy
achieve steelhead recovery. Trap, haul, and that should be evaluated in these experiments.
release approaches to reintroduction should not be Red Bluff Diversion Dam, the Hamilton City
dismissed, especially because these approaches Pumping Plant, flood bypasses, San Joaquin
will probably be instrumental to effective tributaries and mainstem, and the Delta are
steelhead restoration in the San Joaquin and locations where predation rates may be high and
American River basins. Furthermore, over the 25 experiments would be useful (see Gregory and
to 30 year course of the ERP, new technologies Levings 1998).
may enable implementation of trap, haul, and
release approaches in locations where they are not Steelhead runs in the American and Feather rivers
currently considered feasible, which are highly supported by hatchery

production provide opportunities for using
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uniquely-marked parr to evaluate survival rates ofGiven that many anglers target hatchery releases,
rearing fish. stocking practices should be designed to avoid

overlap with outmigration of wild fish.
¯ MAGNITUDE OF INLAND RECREATIONAL

FISHERY ¯ INFLUENCE OF HATCHERY PRACTICES
ON RECOVERY

Large experiments with Coleman fish in 1972-73,
estimated that 2.7% of the steelhead released wereNatural production of steelhead is emphasized by
caught before they reached the Delta (Menchenboth State policy and the ESA. Artificial
1980, cited in McEwan and Jackson 1996). Staley production will be limited to areas where it
(1976, cited in McEwan and Jackson 1996) found already occurs, where it is necessary to prevent
that 51.2% of Nimbus Hatchery yearlings releasedthe extinction of a native run, or where the native
in the American River were caught. Much lower population has already become extirpated and the
harvest rates occurred on Nimbus Hatchery fishhabitat is irrevocably altered (McEwan and
released in the Sacramento River. SeveralJackson 1996).
anecdotal reports suggest that harvest rates on
hatchery stocked fish can be high. The hatchery percentage of total production is

currently estimated at 70 to 90 % (F. Fisher, pers.
Ac’noN - Considerable efforts have been madecomm., cited in McEwan and Jackson 1996), and
to protect steelhead by modifying recreationalthis level is considered to be as high as it should
fishery regulations and marking all hatcheryget(McEwan and Jackson 1996). From 1953-54
steelhead. Central Valley steelhead are now listedto 1958-59 the estimated average hatchery
as threatened under the ESA, and furthercontdbution to total steelhead production was12%
provisions that minimize incidental take may be(Hallock et al. 1961).
necessary. These provisions include:

Nimbus Hatchery broodstock, and naturally
¯ Rigorous estimates, with associated errorspawning fish in the American River exhibit

estimates, of the level of potential incidentalgenetic affinity to populations from the Eel River
take, (NMFS 1997), reflecting the origin of this

broodstock from the Van Arsdale Fisheries Station
¯ Continued marking of hatchery-produced (Busby et al. 1996). This broodstock has also

steelhead and retention of only marked fish, been introduced to the Mokelumne River via the
Mokelumne River Fish Installation (Cramer et al.

¯ Specification of time periods and locations of 1995).
fishing seasons to minimize incidental take,

Recommendations for hatchery operations (Hard
¯ Availability of sanctuary areas, et al. 1992, NRC 1996) provide an appropriate

framework for evaluation. One important issue¯ ¯ Availability of effective monitoring efforts, for the Central Valley is to link recovery of native
populations decreasing production objectiveswith

¯ Availability of effective enforcement for the hatchery program.
mechanisms and public education programs,

- objective of complete markingand ACTION of

hatchery fish should continue without exception
¯ Availability of effective implementationthroughout the duration of the CALFED program.

agreements.
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A plan should be developed by which restorationAUTION - Fish passage facilities should be
of natural production is matched by decreases inconstructed to pass adult steelhead efficiently in
hatchery production. Hatchery production shouldboth directions. Recreational fisheries for adults
not attempt to compensate for poor naturalshould be governed by retention of only marked
production, but should instead continue or morefish. Success of restoration should include an
closely serve in the role of mitigating for the lossevaluation of trends in proportion of repeat
of upstream habitat and the loss of resultant fishspawners; an appropriate target would be at least
and notservetoincreasethenumberofnaturally17% reported by Hallock (1989) for upper
spawning fish. Sacramento River samples.

For example, out-of-basin broodstock should be ¯ ROLE    OF REARING    HABITAT
phased out. Replacement broodstock should be IMMEDIATELY BELOW LARGE DAMS
developed from wild spawning anadromous
steelhead or native non-anadromous rainbowMaintaining the longest possible profile of
trout that became isolated when the dams wereriverine habitat capable of supporting all steelhead
constructed, if sufficient numbers are available tolife stages is the most desirable objective for
permit take for broodstock. Replacement with restoration. However, numerous constraints and
another hatchery stock that exhibits geneticcompeting interests limit attainment of this
association with Central Valley steelhead isobjective, especially for juvenile steelhead.
preferable to continued propagation of the out ofWhere constraints are severe, habitat enhancement
basin stock. The replacement of broodstock bynear dams may provide opportunities to improve
native non-anadromous rainbow trout has muchrearing habitat capacity. Most substrate
merit, but is premature until certain evaluationssupplementation that currently occurs in the
are completed. These include identifying nativeCentral Valley is in the form of spawning gravel
populations isolated above dams (one of thefor chinook salmon. This gravel can also be used
objectives of the comprehensive geneticby steelhead for spawning, but it does not
evaluation is to identify these populations), and .contribute to enhancement of steelhead rearing
demonstrating that anadromous forms can behabitat. Juvenile steelhead prefer substrates > 4
recreated from these populations, inches in diameter (Everest and Chapman 1972,

Barnhart 1986). Steelhead parr also favor
¯ FECUNDIT~ OF MAIDEN (FIRST-TIME) microhabitat sites adjacent to relatively swift

AND REPEAT SPAWNERS currents that have overhead cover (Fausch 1993).
Overhead cover is naturally provided by undercut

Fecundity for steelhead in their initial spawning isbanks and boulders or large woody debris, but
about half the fecundity of chinook salmonartificial structures can also provide this habitat
(Hutchings and Morris 1985). Fecundity is feature. Sedimentation reduces habitat quality by
positively related to body weight, and the averagereducing food production, pool depth, and cover
fecundity of repeat spawners can approximate that(Bamhart 1986).
of chinook salmon. In addition to increased
fecundity, the larger body size of repeat spawnersACTION - Adding cobble substrate to areas near
may enable them to make a disproportionatedams, and providing shaded riparian aquatic
contribution to population productivity due to: 1) habitat, could increase the suitability of tailwater
ability to dig deeper, more superimposition-andareas as rearing habitat for steelhead. Because
scour-resistant redds, and 2) a propensity to spawnmaintenance of adequately cool temperatures for
in deeper water, reducing the potential for reddsteelhead rearing can be accomplished with less
dewatering, water in the immediate vicinity of dams, this

habitat enhancement could permit a reduction in
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!
the volume of cold water released by encouragingrecovery plan has been developed for steelhead at
more complete use of the cool water plume, this time.

¯ DROUGHT PERIOD CONTINGENCY PLAN The widespread distribution of steelhead in the
Central Valley, the relatively small size ofI Recent history has demonstrated the impactpopulations in each tributary, and fundamental

prolonged drought can have on fish populations,differences in life history and metapopulation
and the potential for recurring extended droughtsdynamics compared to other listed species all

i has been documented from data that steelhead will need to betree-ring suggest monitoring
(Hunrichs 1991, cited in Mount 1995; USFWS broader in scope, and longer in duration than for
1995). other species.

I ACTION - An essential function of a long-term Ae’noN - CMARP, in coordination with the IEP
restoration plan for Central Valley steelhead is toSteelhead Project Work Team, has developed a

i avert population bottlenecks resulting frommonitoring programforsteelhead. Because of the
drought. Development of a drought contingencyanticipated broad scope and prolonged duration of
plan should begin with an assessment of whichthis program, it should serve as the foundation

I basins afford the greatest potential for successfulupon which other monitoring components are
use of economic incentives to maintain amplebuilt.
instream flows during a protracted drought. Other

i measures should include establishment of aThe monitoring program (IEP Steelhead Project
drought fund that is designated for purchase ofWork Team 1999), in its base-level application,
water from willing sellers and economicis designed to keep a pulse on the primary

i compensation for reduced demand in watershedsattributes of both existing and potentially-
identified in the assessment phase, restorable steelhead habitat and associated

steelhead populations. The plan is intended for

I ¯ ADEQUACY OF MONITORING PROGRAM application in tributary streams, mainstem rivers,
and the delta and is suitable for addressing the

The recovery criteria found in the Proposedidentified specific knowledge gaps concerning

I Recovery Plan for the Sacramento River Winter-Central Valley steelhead populations, collecting
run Chinook Salmon (NMFS 1997, Botsford and baseline information, and gauging the effects of
Brittnacher 1998), and the Recovery Plan for theCALFED actions.

I Sacramento/San Joaquin Delta Native Fishes
(1995) can be viewed as models for recovery The monitoring program has two primary
planning. Existing recovery plans require a meanscomponents: habitat monitoring and steelhead

i for measuring natural spawner abundance (fish orpopulation monitoring. The habitat component
redd counts) with an estimated uncertainty level,begins with habitat typing and mapping streams
and consistent application of this monitoringand rivers per the method of Snider et al. (1992).

i procedure for an extended period. Duration ofThe resultant information on the distribution and
monitoring is either specified by a function ofabundance of mesohabitats in the stream (e.g.,
both uncertainty associated with estimationriffles, runs, glides, pools) provides the basis for
techniques and consistent attainment of abundanceidentifying stream reaches based on streamI levels that correspond to an acceptably lowchannel attributes, and a template for allocating
probability of extinction, or attainment ofstudy effort (such as the study of juvenile
specified abundance targets for a length of timesteelhead rearing) per a random-stratified study
often calculatedfive times time. Nogeneration design.
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The steelhead population monitoring componentessential to the success of this monitoring
of the plan essentially follows the basic lifeprogram.
history of steelhead. The three main life-history
compartments are spawning, rearing, and REFERENCES
emigration. Within each of these compartments,
questions are posed that provide the basis for whatBarnhart, R.A. 1986. U.S. Fish and Wildlife
will be measured in the monitoring program. Service Biological Report, No. 82(11.60):
Each question is examined, either directly or Species profiles: life histories and
indirectly, relative to basic habitat conditions environmental requirementsofcoastal fishes
being monitored. Thus, the plan is designed to and invertebrates (Pacific southwest) --
observe population-level responses (in terms of steelhead. U.S. Army Corps of Engineers, TR
population size and the extent to which a certain EL-82-4, Washington.
activity occurs) to variation in monitored habitat,
including variation resulting from managementBotsford, L. W., and J. G. Britmacher. 1998.
actions implemented under CALFED. In addition, Viability of Sacramento River winter-run
basic biological information will be collected on chinook salmon. Conservation Biology 12:65-
individual fish to monitor potential responses in 79.
the composition and structure of the population to
actions taken. Busby, P. J., T. C. Wainwright, G. J. Bryant, L.

Lierheimer, R. S. Waples, F. W. Waknitz, and
Although monitoring of steelhead spawning will I.V. Lagomarsino. 1996. National Oceanic
occur on a stream-specific basis, rearing and and Atmospheric Administration Technical
emigration monitoring will occur not only at that Memorandum, NMFS-NWFSC-27: Statuslevel but also on a linked, system-wide basis, review of west coast steelhead from
Rearing and emigration monitoring will allow Washington, Idaho, Oregon, and California.
tracking of juvenile steelhead through the system, U.S. Department of Commerce, Seattle.
to the extent possible. This activity will be
coupled with marking or tagging of wild fish - inCMARP    Steering    Committee.    1999.
addition to the hatchery marking program - as they Recommendations for the Implementation and
are sampled through the system to obtain more Continued Refinement of a Comprehensive
specific information about how steelhead use the Monitoring, Assessment, and Research
system as they move toward the ocean, including Program.addressing questions about rearing requirements
in downstream areas. Cramer, S. P., and 16 others. 1995. The status of

Classifying, prioritizing, and allocating monitoring
steelhead populations in California in regards
to the Endangered Species Act. S.P. Cramer

effort in tributaries can at least be partially guided
& Associates, Inc., Gresham, OR.by considering options for steelhead enhancement

and restoration. Monitoring effort and restorationEA Engineering, Science, and Technology. 1992.
actions should be allocated across a cross-section Report of Turlock Irrigation District and
of these enhancement options so as to maintain the Modesto Irrigation District pursuant to Article
biodiversity of Central Valley steelhead and their 39 of the license for the Don Pedro Project.
associated habitats. EA Engineering, Science, and Technology,

Lafayette, CA.
More detailed monitoring of steelhead harvest in
Central Valley streams is needed. Continued
complete marking of hatchery releases will be

~ carom
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I

AT-RISK NATIVE SPECIES (PRIORITY GROUP II)

!
| NTRODUCTION Species in Priority Group II include:

I The Strategic Plan for Ecosystem Restoration
¯ Lamprey

presents 6 goals to guide the implementation of
restoration actions during the 20-30 year program.¯ California clapper rail

The first Strategic Goal focuses on at-risk species:̄
California black rail

GOAL 1: Achieve of at-risk native ¯ Swainson’s hawkrecovery
species dependent on the Delta and Suisun
Bay as the first step toward establishing ¯ Suisun song sparrow

I large, self-sustaining populations of these
species; support similar recovery of at-risk ¯ Alameda song sparrow
native species in San Francisco Bay and the
watershed above the estuary; and minimize ¯ Salt marsh harvest mouse
the need for future endangered species
listings by reversing downward population ¯ Suisun ornate shrew

I trends of native species that are not listed.
¯ San Pablo Califomia vole

Because there are so many species covered under Specialstatusplantspecies

this goal, they have been divided into four groups
in terms of priority for CALFED attention. Many

¯ Valley elderberry longhorn beetle

i are species, are danger"at-risk" which in of
extinction if present trends continue.

I GROUP II SPECIES thosePRIORITY are at-

risk native species dependent on the Bay-Delta
system whose restoration is not likely to require
large-scale manipulations ofecosystemprocesses
because they have limited habitat requirements in
the estuary and watershed.

!
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I
$’ LAMPREY FAMILY

I
grounds has been blocked by dams on both the
Sacramento and San Joaquin rivers and their

I tributaries.

The river lamprey is an anadromous fish that is

I predaceous on fish in both salt- and fresh-waters.
Adults migrate from the ocean and move into
smaller tributary streams in April and May to

i INTRODUCTION and die afterwards.spawn shortly Juveniles,
called ammocoetes, remain in this life stage until

Like any native species the lamprey is an indicatorthey reach about 117 mm standard length (SL) and
of ecosystem health. Although the lamprey doestransform into adults and emigrate to the ocean.
not hold any commercial or recreational value in
Califomia, its life history is similar to that of otherThe Pacific lamprey is an anadromous fish that

I anadromousspecies(salmonids). Loss of suitablespends its predatory phase in the ocean.
spawning habitat and disturbance by humans hasMigration occurs between April to late-July with
impacted the population of native lampreys. Evenadults moving upstream several month prior to

I though these fish are predaceous in nature, theyspawning.. After spawning, the adults die and the
appear to have little affect on other resident fisheggs settle and adhere to the substrate. Between
species. Some California Native American tribes140 mm and 160 mm the ammocoetes begin the

i and European countries consider the lamprey atransformation into adults and migrate to the
delicacy, ocean.

i Factors that will limit the lamprey’s ability toThe Pacific brook lamprey is a relativity small,
contribute to a healthy ecosystem are Delta(when compared to other lampreys) non-
outflow and spawning habitat in the upper rivers,predaceous fish that resides in the lower reaches

I of the Sacramento-San Joaquin rivers. Spawning
Little recent information regarding the abundanceis believed to occur from July through September
and distribution of lampreys in the Central Valleyin the upper reaches of the San Joaquin River.
is available. This lack of information needs to beI remedied by research into the basic biology of theThehealthof lampreypopulationsis adversely
genus, including life history studies, and dataaffected by the following general types of
collection regarding abundance and distribution,activities or conditions:! RESOURCE DESCRIPTION       ¯ urbanization

¯ agricultural practices
I The lamprey is the most primitive of all fish̄ livestock grazing and dairy farming

species that reside in California waters. Of thē . timber harvesting

i four species of lamprey that can be found in̄ gravel mining
California only three have life stages in thē water development
Sacramento-San Joaquin system. These are thē summer dams
river lamprey (Lampetra ayresO, Pacific lamprey ¯ urban nmoff

I (Lampetra tridentata) and the Pacific brook wastewaterdischarge,and
lamprey (Lampetrapacifica). Access to spawninḡ flood control and bank protection.

I
~ ~
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VISION Valley anadromous fish stocks by 2002
(USFWS 1995) by implementing a variety of
measures including habitat restoration. |The vision for anadromous lampreys is to

maintain and restore population distribution and
abundance to higher levels than at present. The

¯ Salmon, Steelhead Trout and Anadromous 1
vision is also to better understand life history and Fisheries Program Act: The California

identify factorswhich influence abundance. Better Department of Fish and Game (DFG) is

knowledge of these species and restoration would required under State legislation (the Salmon,

ensure their long-term population sustainability. Steelhead Trout and Anadromous Fisheries

A major focus of the efforts would be to improve Program Act of 1988) to double the numbers
of salmon that were present in the Centralaccess to historic spawning grounds within ICalifornia. Many of the efforts described in the Valley in 1988 (Reynolds et al. 1993).

Stage 1 Actions that would benefit anadromous Implementation of this program will increase

fish species would directly effect all lamprey the suitability of aquatic habitats required by
!populations due to their similarities in spawning lamprey.

habitat and flow requirements. ¯ CALFED     Watershed Management

On the Sacramento side of the system efforts to Coordination Program:The watershed
!

expand access to spawning habitats would need to program is designed toreduce stressors

be accomplished. On the San Joaquin side of the resulting from mining practices, agricultural

system, efforts would need to be directed towards discharges, excessive runoff and erosion, |
improving the overall health of the river (water wildfire, excessive timber harvest, livestock

quality) in addition to improving access to historic grazing, and damaging land use practices that
constrain ecological health of the streams.

1spawninggrounds.

INTEGRATION WITH LINKAGE WITH OTHER

OTHER RESTORATION ECOSYSTEM ELEMENTS

PROGRAMS Restoration of the lamprey populations and their
habitats will be integrally linked to:

Other programs linked to restoring habitat used by
anadromous lamprey include all the programs̄ maintaining essential fish habitats,
directed at the restoration of habitat for chinook 1
salmon and steelhead. Although lamprey are not̄ restoration of natural stream meander
directly targeted by these restoration programs, corridors,
lamprey will derive benefits directly from
programs that address habitat. Lamprey habitat̄ providing suitable water temperatures for
will also improve with the implementation of rearing, ¯
improved watershed management program. The
CALFED Watershed Management Coordination ¯ providing flows for migration, and
component in not an element of the ERPP.

¯ reducing or eliminating the adverse effects of
¯ Central Valley Project Improvement Act: The stressors such as contaminants, gravel mining,

Secretary of the Interior is required by the unscreened diversions, and other sources of
CentralValley Project Improvement Act to mortality. 1double the natural production of Central

~ ¢J~.F]~
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I
STRATEGIC OBJECTIVE. STAGE 1 EXPECTATIONS: Surveys will have

been conducted to determine the status of
I lampreys in the Central Valley and a status reportTARGETS, AND

PROGRAMMATIC should be in place that recommends restoration
actions.

I             ACTIONS
The target for lamprey populations would be to

I The Strategic Objective is to double and maintain the population of all
restore anadromous lampreys lampreys within the Central Valley.
dependent on the Delta and

i Suisun Bay. All lamprey populations would benefit from the
following restoration activities and actions:

LONG-TERM OBJECTIVE: Restore wild ¯ restoration activities to spawning sites in the

I self-sustaining populations of anadromous rivers and tributaries of the Centralupper
lampreys to all accessible rivers in which they Valley,historically occurred.

i ¯ increased river flows,SHORT-TERM OBJECTIVE: Evaluate the status
and life history requirements of Pacific lampreȳ removal of barriers to historic spawningand river lamprey in the Central Valley and

I determine their use of the Delta and Suisun Bay
grounds,

for migration, breeding, and rearing.                 ¯ improved water quality in the San Joaquin

i P~TIONALE: Lampreys are anadromous species RiverSystem,

that clearly have declined in the Central Valleȳ remove existing threats to known populations,although the extent of the decline has not beenI documented. Pacific lamprey probably exist in̄ restore habitat conditions favorable to the
much of the accessible habitat available today but survival of lampreys and other native aquatic
this is not known. The decline of lampreys isI due to the decline ofsalmonids

species, and
presumably (major
prey species), to deterioration of their spawninḡ protect and monitor lamprey populations and
and rearing habitat, to entrainment in diversions, habitat once the threats have been removedI and to other factors affecting fish health in the

andrestorationhasbeencompleted.
system. As for salmonids, much of the habitat
previously available for wild-spawning lampreys

I is permanently disconnected from the migration REFERENCES
corridors. However, the remaining habitat or, the
"new" habitat in the tailwaters of large dams,Moyle. P.B. 1976. Inland Fishes of California.

I should be useable for spawning. Presumably, University ofCaliforniaPress, Berkeley. 405
restoration of salmonid populations will also pp.
benefit lampreys, although this assumption should

I be regarded as a hypothesis, not a fact. If theScott, W.B. and E.J. Crossman. 1973. Freshwater
assumption is not true, lampreys may have to be fishes of Canada. Fisheries Research Board of
treated as Priority Group I species. Canada. Bulletin 184. Ottawa, Canada. 966

I pp.
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Strategic Plan for Ecosystem Restoration. 1999.
Appendix to the CALFED Bay-Delta Program
Environmental     Impact     Statement
/Environmental Impact Report. June 1999.

Wang, Johnson, C.S. 1986. Fishes of the
Sacramento-San Joaquin Estuary and
Adjacent Waters, California: A Guide to the
Early Life Histories. IESP Technical Report
9. pp 1-1.
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kI
) CALIFORNIA CLAPPER RAIL-!

RESOURCE DESCRIPTION

I Habitat loss is largely a result of reclamation for
agricultural, industrial, and urban uses and water

I management projects. Populations have also been
limited due to loss or degradation of tidal
saltmarshes for waterfowl hunting and

i management. The total area of these remaining
habitats represents only a small percentage of their
historic level. The California clapper rail breeds

I from February through August. The preferred
habitat is saline tidal marshes but are known to use
brackish marsh areas with alkali bulrush. It builds

i INTRODUCTION a platform nest concealed by a canopy of
cordgrasses and pickleweed. It may also use

The clapper rail is a year-long resident in coastalcattails and bulrushes in fresh emergent wetland

I wetlands and brackish areas around San Franciscohabitats although these area are not considered
Bay. Within the Central Valley, this species issuitable foraging and breeding habitat. Adjacent
found only in the Suisun Marsh/North Sanupper wetland or upland habitat with aquatic
Francisco Bay Ecological Management Zone.vegetation are also important because they provideI The California rail is associated with and tides andclapper nesting duringhighescapecover
saline emergent wetlands. The population andfloodwaters.
distribution of this species have declined

I substantially, primarily as a result of reclamationSignificant loss of saline and brackishemergent
of its tidal saltmarsh habitats. The loss of habitatwetland habitat and associated upland habitats and
and declining condition of the species’ populationhigh marshes is the primary factor for the decline

I have warranted its listing as endangered under thein this species’ populations. These habitat losses
State and federal Endangered Species Acts. Thishave reduced populations sufficiently that
species characteristically inhabits the more salinepredation by non-native species, such as the

I marshes of the Bay. Highest population densitiesNorway rat, red fox, and feral cats; swamping of
are associated with large tidal marsh areas withnests by boat wakes; and contaminants, such as
well-developed channel systems (Goals Projectselenium, are now also substantial factors

I 1999). affecting the ability of the species to recover.

Major factors that limit this resource’s VISIONI contribution to the health of the Delta are related
to adverse effects of historical and current loss orThe vision for the California clapper rail is to
degradation of tidal saltmarshes for agricultural,contribute to the recovery of this State- andI industrial, and urban uses, and excessive predation listed contributefederally endangeredspeciesto to
on nests and individuals by non-native predators,       overall species richness and diversity. Achieving

this vision will reduce conflict between the need
I for its protection and other beneficial uses of land

and water in the Bay-Delta.

I
~ ~
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Protecting existing and restoring additionalcould be provided by developing and
suitable saline and brackish emergent wetlandsimplementing a program to reduce the level of
and adjacent higher elevation habitats andtoxins that adversely affect clapper rail
reducing the effect of other factors that canpopulations in the Bay-Delta. Restoring high-
suppress breeding success will be critical to thequality clapper rail habitat would also reduce the
recovery of the California clapper rail. Theadverse effects of predation by non-native species
Suisun Marsh and San Francisco Bay areas onceby creating habitat conditions that are more
comprised a mosaic of large contiguous blocks offavorable for rails and less favorable for predators.
tidal saline emergent wetland in association with
adjacent upland habitats. Restoration of saline | NTEGRATION WITH
and brackish emergent wetland and associated
upland habitats in the Suisun Marsh/North San OTHER RESTORATION
Francisco Bay Ecological Management Zone will PROGRAMS
help the recovery of this species by increasing
habitat area. Wetland restoration and management programs

that would improve habitat for the clapper rail
Upland cover could be improved by providing include:
incentives to farmers to allow natural vegetation to
reclaim portions of the upland habitat adjacent tō the    Agricultural    Stabilization and
tidal wetlands. Conservation Service’s Wetland Reserve

Clapper rail habitat utilization in Suisun Marsh
Program,

and the Napa Marshes suggest that a natural̄ the Wildlife Conservation Board’s Inland
network of small tidal creeks which begin high in Wetlands Conservation Program,
the marsh and grade down into large tidal sloughs
and bays are essential habitat components for̄ implementing recommendations of the Goals
successful breeding populations. Improved habitat Project (1999) regarding restoration of large
would also include water quality levels and other areas of tidal marsh in all subregions of the
components necessary to support isopods, Bay,
arthropods, mollusks, and insects on which
clapper rails forage. These components could bē protect remaining tidal slough habitats
provided by developing and implementing a supporting pickleweed, cordgrass, bulrushes,
program to reduce the level of toxins that and cattails,
adversely affect clapper rail populations in the
Bay-Delta. Clapper rail breeding success could be¯ maintain adjacent higher elevation wetland
improved by reducing the adverse effects of boat and upland habitat to provide cover during
wakes on nests during the February through high tides and floods,
August breeding period. Restoring high-quality
clapper rail habitat would also reduce the adversē the Suisun Marsh Protection Plan, and
effects of predation by non-native species by
creating habitat conditions that are more favorablē ongoing management of State and federal
for rails and less favorable for predators, wildlife refuges and private duck clubs.

Improved habitat would also include water qualityRestoration efforts will be conducted in
levels and other components necessary to supportcooperation with agencies or organizations with
isopods, arthropods, mollusks, and insects on
which clapper rails forage. These components

~ ~
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I
responsibility or authority for restoring wetland      throughout their original native range in tidal

I and aquatic habitats, including: marshes of the Bay-Delta system.

¯ the California Department ofFish and Game,SHORT-TERM OBJECTIVE: Protect existing

I populations of the species and restore habitat to
¯ California Department of Water Resources, provide sites for expansion of present populations.

¯ U.S. Fish and Wildlife Service (USFWS), RATIONALEI The California clapper rail requires
tidal salt marshes for all phases of its life cycle. Its

¯ California Coastal Conservancy, populations have declined as these marshes have

i been eliminated and fragmented, permitting easier
¯ San Francisco Bay Conservationand access of non-native predators (e.g., house cats,

Development Commission, red fox), people, and other intruders to their
nesting and high-tide roosting areas. These birdsI ¯ San Bay Venture, recover as tidal salt marshes are allowedFrancisco Joint should to
re-expand and as marsh restoration efforts

¯ San Francisco Bay Regional Water Qualityproceed.I Control Board,
STAGE 1 EXPECTATIONS:    Substantial

¯ U.S. Army Corps of Engineers, and progress will have been made in protecting habitat

I for all existing populations and management plans
¯ Delta ProtectionCommission. will be in place to further improve existing

habitats for clapper rails. Potential additional

I LINKAGE OTHER restoration sites will have been identified.WITH

ECOSYSTEM ELEMENTS The general target is to increase the numbers of

I breeding pairs of clapper rails in the Bay-Delta.
Improvement of the population of clapper rail inThe U.S. Fish and Wildlife Service is currently
the Bay is integrally linked with wetland andrevising the recovery plan for the clapper rail,

I riparian habitat restoration, and water qualitywhich will establish population recovery goals.
(contaminants) improvement.

The following general programmatic actions will

I STRATEGIC OBJECTIVE, contribute to meeting the target for the California

__TARGETS, AND
clapper rail:

I PROGRAMMATIC ¯ restore saline and brackish wetland habitat in

ACTIONS the Bay,

i ¯ protect remaining tidal slough habitats

~
supporting pickleweed, cordgrass, bulrushes,

The Strategic Objective is to and cattails, especially in areas adjacent to

I restore California clapper rail. high marsh meadows characterized by
pickleweed-saltgrass plant associations,

¯ improve water quality of Bay marshes,I LONG-TERM OBJECTIVE: Have self-sustaining
populations of California clapper rail located

I
~ ~
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¯ reduce the adverse effects of boat wakes on
nests during the breeding period,

¯ develop and implement predator control
programs,

¯ maintain adjacent higher elevation wetland
and upland habitat to provide cover during
high tides and floods, and

¯ improve upland cover by providing incentives
to farmers to allow natural vegetation to
reclaim portions of the upland habitat adjacent
to tidal wetlands.

REFERENCES

Goals Project. 1999. Baylands Ecosystem Habitat
Goals. A report of habitat recommendations
prepared by the San Francisco Bay Area
Wetlands Ecosystem Goals Project. U.S.
Environmental Protection Agency, San
Francisco and San Francisco Regional Water
Quality Control Board, Oakland, California.

Strategic Plan for Ecosystem Restoration. 1999.
Appendix to the CALFED Bay-Delta Program
Environmental     Impact     Statement
/Environmental Impact Report. June 1999.
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| ¯ CALIFORNIA BLACK RAIL

I Important habitats the species include tidalfor
perennial and nontidal perennial aquatic, dead-end
and open-ended sloughs, seasonal wetland andI saline and fresh andaquatic, emergentwetland,
midchannel islands and shoals. Many tidal
habitats, including those that support pickleweed,

I bulrushes, and saltgrass, are criticalfor thistypes
species that need to be protected and currently
exist as only a small percentage of their historical

I extent. In addition, wetland or upland areasupper
adjacent to these habitat areas provide nesting and
escape cover during high tides and floods. Black

I rails are especially abundant in undiked tidal

| NTRODUCTION marshes of Suisun Marsh. They are most often
associated with dense stands of American bulrush
(Scripus americanus) immediately adjacent to

The California black rail is a rarely seen, year-high marsh meadows supporting pickleweed-
round resident of saline, brackish and freshsaltgrass associations. They are often associated

I emergent wetlands and viable populations of thewith sott bird’s-beak, and endangered plant of the
species are found only in the Suisun Marsh, Sanhigh tidal marsh.
Francisco Bay, and the Delta. The California black

i rail is associated with tidal and nontidal emergentBlack rail habitat is directly influenced by
wetlands. The population and distribution of thissediment supply from the upstream portion of the
species have declined substantially primarily as aDelta and tidal influences from the Bay. As
result of reclamation of its wetland habitats. The

I sediment is deposited in a tidal marsh, the
loss of habitat and declining condition of .theelevation of the marsh changes. Eventually, the
species’ population have warranted its listing asmarsh may no longer be affected by tidal action or

I
threatened under the California Endangeredsupport tidal marsh plants which depend on the
Species Act. The major factor that limits thisinteraction of compatible tides and sediment
resource’s contribution to the health of the Delta
is related to the adverse effects of historical and

supply regimes. Water quality in habitat areas

I must be sufficiently high to support the
current loss or degradation of salt, brackish, andinvertebrates and vegetation that sustain black
freshwater marshes,                               rails. Currently, the condition most hazardous to

the black rail’s existence in salt marshes is theI elevated water level associated with the highestRESOURCE DESCRIPTION
tides and high outflow conditions. High water

Historically, the black rail was a resident ofdestroys nests and forces rails to leave the marshi coastal wetlands from Santa Barbara County totemporarily in search of sufficient cover in
San Diego County. Much of the California black uplands. Black rails use corridors between
rail’s marshland habitat in California has beenwetland and upland habitats to seek cover duringI modified since the mid-1800s. This tides, these corridors havedestroyed highor However, been
decline in marshland has reduced populationfragmented by the extensive system of Delta
densities of black rail throughout its range, levees, which are often devoid of vegetation. This

I lack of sufficient black rails tocover subjects
predation, frequently by non-native species.

I
~ ~
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These habitats continue to be threatened bywetlands, sloughs, or adjacent aquatic systems in I
sedimentation, water diversions, recreationalthe Bay-Delta also benefit the California black
activities, and land use practices. Insufficientrail. Some of these are operated by the following
quantity and quality of emergent wetland habitatorganizations:

Iis the primary factor limiting recovery of the
species’ population in the estuary. Other factors̄ Bay Area Wetlands Planning Group,
that can also adversely affect the black rail include

Idisturbance during its breeding period, contami-̄ California Coastal Conservancy,
nants, and excessive predation by non-native
species. ¯ Delta Native Fishes Recovery Team,

I

VISION ¯ San Francisco Bay National Wildlife Refuge,

I¯ San Francisco Bay Conservation andThe vision for the California black rail is to
contribute to the recovery of this State-listed Development Commission,

threatened species and contribute to overall I
species richness and diversity. Achieving this

¯ San Francisco Bay Joint Venture,

vision will reduce conflict between the need for its
protection and other beneficial uses of land and̄ San Francisco Bay Regional Water Quality

I
water in the Bay-Delta. Control Board,

Restoring suitable fresh, brackish, and salinē U.S. Fish and Wildlife Service San Francisco
Iemergent wetlands and tidal sloughs in the Bay- Bay Program, and

Delta and adjacent higher elevation habitats is
critical to the recovery of the species in thē San Francisco Bay Area Wetlands Ecosystem

Iestuary. These restored habitats would provide Goals Project.

refuge for the California black rail during high-
water periods. Although the black rail’s range LINKAGE WITH OTHER

iextends into other ecological zones, the primary ECOSYSTEM ELEMENTS
focus for habitat restoration will be in the
Sacramento-San Joaquin Delta EcologicalRestoration and recovery of the California black IManagement Zone and the Suisun Marshlandrail population of the Bay-Delta is integrally
Ecological Management Unit in the Suisunlinked with wetland and riparian habitat
Marsh/North San Francisco Bay Ecological restoration, and water quality (contaminants) IManagement Zone. Efforts outside the Delta andimprovement.
Suisun Marsh to restore natural tidal action to
aquatic and wetland habitats within the Suisun

IMarsh/North San Francisco Bay Ecological STRATEGIC OBJECTIVE,
Management Zone would also benefit the species. TARGETS, AND

PROGRAMMATIC IINTEGRATION WITH
OTHER RESTORATION

ACTIONS

PROGRAMS I

~ .The Strategic Objective is to
restore California black rail.

Many programs designed to benefit broader
Igroups of fish and wildlife that use or depend on

~ cu~
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I LONG-TERM OBJECTIVE." Have self-sustaining ¯ improve the connection between wetland and
populations of California black rail located upland habitat areas to reduce predation;

i throughout their original native range in tidal
marshes of the Bay-Delta estuary.                   ¯implement management programs for small

water diversions, disturbance, land use

i SHORT-TERM OBJECTIVE: Restore the changes, and contaminants would improve
population of California black rails to levels habitat, reproductive potential,and
necessary to have its status down-graded from a recruitment for black rails;
threatened species.I ¯ tidal and wetlands fromprotect sloughs
RATIONm.E: The California black rail is a adverse land uses;
state-listed threatened species and is considered aI of by the federal       ¯ nearby unoccupied suitable habitatspecies concern government. protect
The leading cause of its decline isthe degradation areas would help ensure natural expansion
and loss of emergent wetland habitat throughout area is available;

I its The California black rail builds nest onrange.
the ground and is susceptible to predation bȳ protect of existing suitable habitats by
terrestrial species. Non-native species such as the implementing conservation easement
red fox and feral domestic animals (cats and dogs) purchasing from willing landowners, or
in some areas have raided nests and contributed to establishing incentive programs to maintain
their decline. To develop improve the status of suitable habitat;

I this species, it will be necessary to restore and
enhance suitable habitat throughout the wetlands̄ develop and implement alternatives to land
of the estuary. It will also be very important to management practices on public lands that

I develop methods to control the non-native continue to degrade the quality or inhibit the
predators, recovery of black rail habitats; and

I STAGE 1 EXPECTATIONS: Plans should be ¯ restore, protect, and improve emergent
developed and implemented to restore and protect wetlands, tidal sloughs, and adjacent uplands.
emergent wetlands within the Napa and Suisun

I marshes and along San Francisco Bay; develop REFERENCES
strategies for controlling problem predators.

Goals Project. 1999. Baylands Ecosystem Habitat

I The general target is to increase the number of Goals. A report of habitat recommendations
breeding pairs of black rail in the Bay-Delta. prepared by the San Francisco Bay Area
General programmatic actions to achieve the Wetlands Ecosystem Goals Project. U.S.

i target for the Califomia black rail include: Environmental Protection Agency, San
Francisco and San Francisco Regional Water

¯ restore the natural tidal action of aquatic Quality Control Board, Oakland, California.

i habitats;
Strategic Plan for Ecosystem Restoration. 1999.

¯ preserve the remaining populations of black Appendix to the CALFED Bay-Delta Program

i rail, tidal slough habitats that support Environmental Impact Statement
pickleweed, bulrushes, and saltgrass; /Environmental Impact Report. June 1999.

¯ enhance and restore connectivity betweenI tidal sloughs and adjacent upland refugial
habitats;

I
~ ~
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I
¯ SWAINSON’S HAWK

I
early as the 1940s. In 1979, 110 active pairs were
observed in the Central Valley with estimates of

I pairs present throughout Today,375 theState. the
few remaining concentrations of breeding pairs
are supported within the Yolo, Sacramento, San

I Joaquin, Sutter, and Colusa counties, with steadily
decreasing numbers to the north and south.

i Possible reasons for the Swainson’s hawk’s
decline include

I ¯ loss or degradation of habitat on the breeding
grounds,

I ¯ disturbance on the breeding grounds,

INTRODUCTION ¯ thin eggshells from pesticide residues,

I
Swainson’s hawks occur throughout the Central       ¯ increased competition with other species, and
Valley where riparian forest and oak savannaI habitats are present. The nesting population of the

¯ mortality during migration and on the

Swainson’s hawk has declined substantially, wintering grounds in South America.

i
primarily as a result of habitat loss and
degradation, reduced reproductive success, andTo a large degree, the decline of the Swainson’s

high rates of mortality during migration and onhawk can be attributed to the long-term,
cumulative effects of riparian and wetland habitatSouth American wintering areas. The loss of

i habitat and declining condition of the species’conversion and degradation. A combination of

population have warranted its listing as threatenedchanges to Central Valley area ecosystems has

under the State Endangered Species Act. Majoradded to the problem. These changes include:

I factors that limit this resource’s contribution to the
health of the Bay-Delta are related to adversē the conversion of perennial grassland to

effects of habitat loss and degradation, toxic agficulturaluses, eliminating foraginghabitat;

I pesticides accumulated in the foodweb on
reproduction, human-associated disturbances at

¯ urban development adjacent to waterways and

nest sites, and increased competition with other          nesting areas;

I ¯ incompatible land use that disrupts breeding
speciesfor nestsites.

and nesting;
RESOURCE DESCRIPTION

I ¯ levees and bank that eliminateprotection
The Swainson’s hawk was common in the Central nesting habitat;
Valley at the end of the 19th century. Historical

I populations were estimated between 4,000 and̄ disturbance from human activities near nest
17,000 pairs, but declines were documented as sites; and

I
~ ~
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¯ contaminants from agricultural runoff andagencies, conservation easements or landowner
pesticide use. incentives will improve land management

practices for the Swainson’s hawk.
Excessive harvest of Swainson’s hawk on South
American wintering grounds is also thought to beRestoration of habitats proposed in other
a major factor affecting the decline of the species,ecological management zones will also allow

Swainson’s hawk nesting and foraging habitats to
Agricultural crops, such as alfalfa, and drylanddevelop elsewhere in the Central Valley.
pasture provide habitat that supports a continual
prey base for the Swainson’s hawk. A large INTEGRATION WITHnumber of hawks may congregate near farming
activities such as mowing, discing, and irrigation OTHER RESTORATION
where prey, including some agricultural pests such PROGRAMS
as grasshoppers, is abundant. Valley oak and
riparianwoodlandsareessentialfor Swainson’s Several organizations have plans that indirectly
hawk nesting, and 78% of nest trees are locatedtarget the Swainson’s hawk for recovery through
within riparian systems with adjacent foraginghabitat restoration.
habitat. The Swainson’s hawk typically returns to
the same nest site; therefore, the preservation of¯ The Riparian Habitat Joint Venture includes
nest sites is important to prevent total loss. 11 federal, State, and private organizations

that signed a cooperative agreement to protect
VISION and enhance habitats for native land birds

throughout California.
The vision for the Swainson’s hawk is tō The Putah Creek - South Fork Preserve,
contribute to the recovery of this State-listed which works to increase fish and wildlife
threatened species and contribute to the overall populations dependent on riparian and
species richness and diversity. Achieving this wetland habitats, including species of special
vision will reduce conflict between protection for concern, plans to restore 130 acres of riparian
this species and other beneficial uses of land and habitat.
water in the Bay-Delta. ¯ The Upper Sacramento River Fisheries and

Riparian Habitat Management Plan (SB 1086)
Habitat restoration in the Sacramento-San Joaquin also targets riparian habitat for restoration that
Delta Ecological Management Zone will help will benefitthe Swainson’s hawk.
achieve recovery of the Swainson’s hawk bȳ Restoration and strategies should be
increasing the quality and quantity of its habitats, coordinated with the Swainson’s Hawk
Limiting land use changes can help to retain Technical Group, agroup of agency and non-
foraging and nesting habitat. Because .many agency specialists dedicated to restoring the
agricultural practices are compatible with health of this species.
Swainson’s hawk foraging, simply improving the
timing of farming activities would further improve LI N KAGE WITH OTHERforaging habitat.

ECOSYSTEM ELEMENTS
Strategies could be implemented collaboratively
with organizations to improve existing preservesRestoration of the Swainson’s hawk population is
that support Swainson’s hawk habitat,integrally linked with restoration of riparian,
Cooperative agreements with land management

~ cJtt~
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I
grassland, and agricultural habitat in the Central      STAGE 1 EXPECTATIONS: A recovery plan

i Valley. for Swainson’s hawk in the Central Valley and
Delta will have been developed and implemented

STRATEGIC OBJECTIVE, with key habitats identified and initial protective
steps taken.

I TARGETS, AND
PROGRAMMATIC              The general target is to increase the number of

breeding pairs of Swainson’s hawks in the CentralI ACTIONS Valley.

i The Strategic Objective is to General programmatic actions that will contribute
restore Swainson’s hawk to reaching the targets include:
populations.

¯ protect existing and restoring additional
I valley oak and other riparian habitatssuitable

and grasslands;
LONG-TERM OBJECTIVE." Have self-sustaining

i breeding and wintering populations of Swainson’s ¯ landimproveagricultural management;hawk located throughout their original native ¯ reduce the effect of factors that can suppressrange in the Delta and the Central Valley and          breeding success;

I provide habitat needed to support Swainson’s
hawks that migrate from overwintering in
Argentina.                                        ¯ protect known nest sites from loss,

degradation, or disturbance during the entire

I SHORT-TERM OBJECTIVE: Determine the year;

importance to the species of the small numbers
that overwinter in the Delta and determine and

¯ increase prey populations (e.g., rodents)

I necessary to support an expanding population;develop plans to expand the number of ¯ establish buffer zones that eliminate humanoverwintering birds,                                  disturbance during nesting; and

I RATIONALE: Swainson’s hawk is listed as a ¯ provide habitat to support increased numbersthreatened species by the State of California
of Swainson’s hawks that migrate frombecause its numbers have declined to a small

(<2%) percentage of its original population. It overwinteringin Argentina.

nests in riparian areas and forages in upland
grasslands and crop lands. The decline has been REFERENCE

I caused the combined loss ofby ripariannesting
habitat and foraging habitat and by large Strategic Plan for Ecosystem Restoration. 1999.
mortalities in its overwintering habitat in Appendix to the CALFED Bay-Delta Program

I Argentina. A small number of these hawks Environmental Impact Statement
overwinter in the Delta rather than migrating, for /Environmental Impact Report. June 1999.
unknown reasons. If restoration of breeding

I habitat does not significantly reverse the decline
of these birds because of mortality during their
long migrations, then there may be a need to find

I ways to encourage more overwintering in the
Delta.
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� SUISUN SONG SPARROW

INTRODUCTION surface of mudflats. Each sparrow’s territory
must contain permanent water or moisture in the

Suisun live in and around the form of tidal ebb and flow.Typically, eachsongsparrows only
territory contains at least one patch of tall, hard-Suisun Marsh and Bay. The Suisun song sparrow
stemmed bulrush that stands above theis associated with saline emergent wetlands. The

population and distribution of this species havesurrounding vegetation and is used as a singing

declined substantially primarily as a result ofperch. The birds apparently need these high song

reclamation of tidal saltmarshes. The loss ofperches to establish territory, and the absence of

habitat and declining condition of this species’song perches may be a limiting factor in the

population have warranted its inclusion as adistribution of pairs.

species of special concern. Major factors that limit
this resource’s contribution to the health of theThe Suisun song sparrow is physiologically and

Delta are related to adverse effects of historicalbehaviorally adapted to this area’s naturally

and current loss or degradation of tidaloccurring brackish tidal conditions. It can drink

saltmarshes for agricultural, industrial, and urbanbrackish water and breeds earlier than upland

uses and excessive predation on nests andsubspecies. Early breeding avoids nest flooding

individuals by non-native predators, during the highest spring tides. The Suisun song
sparrow forages for invertebrates and seeds
directly on the surface of mudflats.

RESOURCE E) ESCRIPTION
The primary threat to the continued existence of
the Suisun song sparrow is the continuing loss ofHistorically,muchof the SuisunMarshwas a

brackish tidal marsh. The Suisun song sparrowhabitat and severe fragmentation of brackish tidal
inhabited areas with suitable brackish marshmarsh habitat in and around Suisun Marsh. The
vegetation. The total area of historical tidal marshonce-vast marsh has been reduced to smallareas
habitat is estimated to have been about 66,600-that are separated by barriers or connected only by
73,700 acres. Between 70,000 and 77,000 pairs of narrow strips of vegetation along the banks of
Suisun song sparrows are estimated to have usedtidal sloughs. Interbreeding between populations
the available marsh habitat annually. Recentin these areas is rare. As the southern shore of
estimates indicate that fewer than 6,000 pairsSuisun Marsh in Contra Costa County becomes
remain in 13 isolated populations, representing 8%increasingly industrialized and developed, habitat
of the species’ former abundance. The remainingwill continue to be degraded and, ultimately, the
13 populations number from about 1,300 pairs to southern population may no longer be viable. Egg
about 20 pairs, and nestling mortality is about 50% in the first 3

weeks after eggs are laid. The primary causes of
Since artificial levees were constructed beginningthis mortality are predation on eggs and nestlings
in the late 1800s, the managed marsh areas on theby the introduced Norway rat, predation on
nontidal side of the levees are flooded seasonallynestlings by feral house cats, and flooding of nests
and then drained or allowed to dry. These areasduring periods of high tides. Maintenance of
are consistently avoided by Suisun song sparrows,levees, dikes, and other structures during the
The birds require appropriate vegetation forbreeding period may also create sufficient
nesting sites, song perches, and foraging cover,disturbance to cause nesting failure. Levees
The vegetation must also produce seeds or harborconstructed in the sparrow’s habitat are high
invertebrates that the birds pick up from theenough above the surrounding marsh to allow the
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growth of upland plants that require fresh water,breeding stressors will be critical to the recovery
Although Suisun song sparrow territories mayof the Suisun song sparrow.
include these areas, the species avoids centering
its territory in this type of vegetation. Restoration of tidal emergent wetlands in the

Suisun Marsh!North San Francisco Bay
Long-term changes in the salinity gradient of theEcological Management Zone will help to recover
Bay-Delta may also have an effect on the species’this species by increasing its habitat area.
distribution and abundance. The normal brackishRestoring associated higher elevation uplands
condition of Suisun Marsh is directly attributablewould provide escape cover during high tides and
to the amount of freshwater outflow it receivesflooding. Restoring these habitats would allow
from the Delta. This fresh water mixes withthe population to increase at existing protected
saltwater transported on incoming tides throughhabitat areas and would ensure long-term survival.
Carquinez Strait. The amount of freshwaterThe restoration of high-quality sparrow habitat
outflow has been reduced since historical timeswould also reduce the adverse effects of predation
during water-years that are now consideredby non-native species by creating habitat
normal. Suisun song sparrows can withstandconditions that are more favorable for sparrows
short-term alterations in brackish conditionsand less favorable f or predators.
because they can subsist on pure saltwater for
several days. The vegetation they occupy in theThe potential adverse effects of disturbance on
brackish marsh is similarly adapted. If the waterbreeding success could be reduced by encouraging
regime changes drastically or for long periods,agencies, organizations, and private landowners,
however, a large-scale change in habitat couldthrough cooperative agreements and incentive
result. If salinity decreases, the Suisun songprograms, to conduct infrastructure maintenance
sparrow could face lowered reproductive rates, activities in occupied habitat areas so that tidal
increased competition, and loss of geneticbrackish marsh vegetation is disturbed as little as
integrity as a result of breeding with invadingpossible and adults are not disturbed during the
upland subspecies that consume fresh water. Ifbreeding season. The possibility of managing
the water becomes too salty, saltwater marshbreeding of the species to increase its reproductive
vegetation could displace brackish vegetation;success should be investigated (e.g., transferring
saltwater marsh is not suitable habitat for theeggs and!or yohng between nearby isolated
species, which is not adapted to consume saltwaterpopulations to increase genetic interchange
for extended periods, between populations). If the species responds

favorably to such manipulations, the period for its
VISION recovery would be reduced.

The vision for the Suisun song sparrow is to INTEGRATION WITH
recover this California species of special concern OTHER RESTORATION
in Suisun Marsh and the western Delta and
contribute to the overall species richness and PROGRAMS
diversity. Achieving this vision will reduce
conflict between protection for this species andPrograms and projects designed to protect, restore,
other beneficial uses of land and water in the Bay-and enhance the Suisun Marsh/North San
Delta. Francisco Bay Ecological Management Zone to

provide direct or incidental benefits to the Suisun
Protecting and restoring existing and additionalsong sparrow include:
suitable tidal saline and fresh emergent wetlands
(including brackish marshes) and reducing.¯ San FranciscoEstuaryProject,

~ ~A
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I ¯ San Francisco Bay Area Wetlands Ecosystem native range by creating/restoring enough brackish
Goals Project. tidal marsh habitat to support 40,000 nesting pairs.

¯ Cache Creek Corridor Restoration Plan, SHORT-TERM OBJECTIVE." With existing
populations, find ways to connect fragmented

I ¯ California Wetland Riparian Geographic brackish and freshwater habitats to increase the
Information System Project, gene flow among population segments and reduce

the likelihood of extirpation of isolated population
¯ Govemor’s California Wetland Conservation segments.

Policy,
RATIONALE: The Suisun song sparrow occurs

i ¯ Tidal Wetlands Species Recovery Plan, only in and near Suisun Marsh, in about 13
isolated populations. Populations of this unusual

¯ Wetlands Reserve Program, subspecies are declining for a variety of reasons

I but mainly the degradation of their habitat.
¯ Inland Wetlands Conservation Program, Reductions in fresh water outflow from the

Sacramento-San Joaquin Rivers and diking and
¯ Montezuma Wetlands Project, and channelization of marsh lands have contributed to

their decline. Restoration of their populations is
¯ National Estuarine Reserve Research System.likely to be a good indicator of the success of

restoration of brackish tidal marshes in the Suisun

LINKAGE WITH OTHER Marsh area.

ECOSYSTEM ELEMENTS STAGE 1 EXPECTATIONS: All Suisun song
sparrow populations will have been identified and

Restoration of the Suisun Song Sparrow isprotected from further development and habitat
integrally linked with restoring tidal permanentalterations; plans will have been developed andi emergent wetlands in Suisun Bay and Marsh and to isolatedimplemented connect populationsby
the western Delta. Restoration of adjacent tidalmeans of habitat restoration projects.
perennial aquatic habitat, particularly mudflats, is

I also important. The following general targets will assist in
meeting the implementation objective:

STRATEGIC OBJECTIVE,
¯ Increase the total number of pairs.

TARGET. AND

PROGRAMMATIC ¯ Increase the number of pairs in each of the 13

I ACTI O N S isolatedpopulations.

¯ Increase the number of populations.

i The Strategic Objective is to
increase suitable habitat and ¯ Reduce the extent of isolation among the
restore the population of populations.

i Suisun song sparrow within
its range The following general programmatic actions will

assist in meeting the targets:

LONG-TERM OBJECTIVE." Restore populations
of Suisun song sparrow to habitats throughout its

i
~ oz~
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¯ Increase the amount of tidal brackish water
marshes in Suisun Bay and Marsh and in the
western Delta.

¯ Decrease the extent of isolation of remaining
tidal marshes in Suisun Bay and Marsh and
the western Delta.

¯ Increase the amount of grassland habitat
adjacent to tidal marshes in Suisun Bay and
Marsh and the western Delta.

¯ Within existing and restored marshes ensure
presence of tall, hard-stemmed bulrush stands.

¯ Increase the area of tidal mudflats in close
proximity to existing and restored marshes.

REFERENCE

Strategic Plan for Ecosystem Restoration. 1999.
Appendix to the CALFED Bay-Delta Program
Environmental     Impact     Statement
/Environmental Impact Report. June 1999.

¯
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i
- ¯ ALAMEDA SONG SPARROW

!
I NTRODUCTION VISION

i The Alameda song sparrow is a subspecies of theThe vision for the Alameda song sparrow is to
song sparrow which inhabits salt marshes alongrestore this California species of special concern

i the southern portion of San Francisco Bay. Thein the southern San Francisco Bay region.
declining condition of this subspecies’ population
has warranted a listing by the Federal governmentProtecting and restoring existing and additional
as a special concern species and by thesuitable tidal saline and fresh emergent wetlands
Department ofFish and Game as a special concernand reducing breeding stressors will be critical to
species. Major factors that have contributed to thethe recovery of the Alameda song sparrow.

I decline of the Alameda song sparrow includeRestoring these habitats and protecting nesting
habitat loss due to reclaiming of land forsites would allow the population to increase and
agricultural, industrial and urban uses, nestingensure long-term survival of the species.
predation, and losses due to the use of pesticides.

I INTEGRATION WITH
RESOURCE DESCRIPTION OTHER RESTORATION

i Since J. Grinnell studied song sparrows in the PROGRAMS
early 1900s, the Alameda song sparrow has been
identified as a distinct subspecies. Historically itsPrograms and projects that are designed to protect
habitat ranged from San Francisco and San Brunoand restore salt marshes in the south San
on the west, south to Alviso, Santa Clara CountyFrancisco Bay that would have a direct impact on
to Stege, Conga Costa County on the north eastthe Alameda song sparrow include:

i side of the bay (J. Marshall 1948). In much oft_he
San Francisco Bay area duck clubs, urbanization,̄ San Francisco Estuary Project,
and reclamation of lands has changed the tidalI marshes. Levees have been built and that ¯ San Francisco Bay Area Wetlands ecosystemspecies
depend on tidal conditions have been adversely Goals Project,
affected. Some estimate only about 10% of the

I Alameda sparrow’s habitat remains. Density ¯ California Wetland Riparian Geographicsong
measures average about four to six birds per Information System Project,
hectare and based on census data it is estimated
about 8,250 birds remain (Nur 1997). ¯ Tidal Wetlands Species Recovery Plan,

Alameda song sparrows have strict habitat̄ Wetlands ReserveProgram and,

I requirements for nesting and foraging sites. They
are territorial and for the most part sedentary, not̄ National Estuarine Reserve Research System
moving any great distances. Highly adapted to be

I able to drink brackish water and live in tidal
conditions, they forage for invertebrates and seeds
on the mudflats. As conditions change and

i marshes fill in or tidal action ceases to exist due to
levees, song sparrows move out of the area.

I
~ cxtrm
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LIN KAGE WITH OTHER been undertaken to develop protocols for habitat
restoration efforts.

ECOSYSTEM ELEMENTS
The following general targets will assist in

Restoration of the Alameda song sparrow ismeeting the implementation objective:
integrally linked with restoring salt marsh and
wetlands in the southern San Francisco Bay. ¯ Increase the amount of tidal saltmarsh

¯ Increase the total number of breeding pairsSTRATEGIC OBJECTIVE,
TARGETS, AN D The following general programmatic actions will

PROG RAM MATI C assist in meeting the targets:

ACTIONS ¯ Increase the amount of tidal marsh in the
south San Francisco Bay region.

The Strategic Objective is to
restore the population of ¯ Decrease the extent of isolation among salt
Alameda song sparrow to marshes

, representative habitats within
its range. ¯ Reduce the degree of stressors including

water management and land use practices on

LONG-TERM OBJECTIVE: Restore populations existing salt marshes

of Alameda song sparrow to habitats throughout
its native range by creating/restoring sufficient salt REFERENCES
marsh to increase breeding pairs.

Marshall, J.T. 1948a. Ecological races of song
SHORT-TERM OBJECTIVE: With existing sparrows in the San Francisco Bay region Part
populations, connect fragmented habitat to I: habitat and abundance. Condor, 50:193-
increase gene flow between populations. Conduct 215.
genetic studies as well as juvenile dispersal studies
to determine effective management of the species. 1948b. Ecological races of song sparrows in

the San Francisco Bay region Part II:
RATIONALE-" Alameda song sparrows are one of geographical variation. Condor, 50: 233-256.
the species that uses saltmarsh habitat in the south
San Francisco Bay region. By protecting theNur, Nadav. 1997 Tidal Songbirds Denizens of
saltmarsh habitat not only will this species benefit Remnant Marshlands of San Francisco Bay.
but the other inhabitants of the marsh ecosystem http://www.igc.apc.org/prbo/Observer/Obser
will also benefit. Restoration of this species ver110/Tidalbirds.html.
would be a good indicator to the overall health of
the marsh system.

STAGE 1 EXPECTATIONS: All Alameda song ¯
sparrow populations will have been identified and
protected from further development and habitat
alteration. Pilot restoration projects will have ¯

|
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¯ SALT MARSH HARVEST MOUSE

These plants, in turn, supported the salt marsh
harvest mouse.

With the gradual development of the Suisun
Marsh and San Francisco Bay areas came the
construction of dikes and levees for flood control
and protection of lands reclaimed for uses such as
for salt ponds and agriculture. These reclaimed
areas supported livestock grazing and, in the
Suisun Marsh, small grain crops and asparagus.

~,,,~,~, ~ =,,~ I The vegetation growing beyond the limits of high
~’""~ tide supported grazing, and settlers found that ifI

they diked those areas, wetland plants would
eventually recede and give way to upland plants
favored by livestock. As more and more settlers
arrived, development resulted in the loss of large

INTRODUCTION areas of habitat and severe fragmentation of the
habitat that remained. Barriers, such as a road or

The salt marsh harvest mouse is associated withpath no more than 10 feet across, isolated the
saline emergent wetlands. The population andmouse in fragmented habitats because it would
distribution of this species have declinednot use or travel across areas lacking vegetation.
substantially, primarily as a result of reclamationUpland areas consisting of grasslands or salt-
of tidal salt marshes for agriculture, salttolerant plants that offered refuge during extreme
production, and urban development. The loss ofhigh tides and high outflow periods were adjacent
habitat and declining condition of this species’to the saline emergent wetlands. Development
population have warranted its listing asaltered the landscape and geomorphology in
endangered under the State and federalmany of these areas, which contributed to the
Endangered Species Acts. The major factors thatloss of habitat.

limit this resource’s contribution to the health of
the Delta are related to the adverse effects ofSaline emergent wetlands with pickleweed occur

historical and current loss or degradation ofonly within the Suisun Marsh/North San

saline tidal wetlands that support the dense standsFrancisco Bay Ecological Management Zone of

of pickleweed on which the salt marsh harvestthe Ecosystem Restoration Program Plan (ERPP)

mouse is dependent, area. The elimination of much of the salt marsh
harvest mouse’s habitat is the primary cause of
the species’ decline. Other factors or "stressors"
that have contributed to the decline or potentiallyRESOURCE DESCRIPTION
could inhibit the recovery of the species include

The salt marsh harvest mouse occurs only inhuman activities that disturb the species and
predation by non-native species. Grazing; watersaline.emergentwetlandsassociatedwith San

Francisco Bay and its tributaries. Historically,management practices; land use practices;
these areas supported extensive tidal wetlands,contaminants; and human-made structures, such
which sustained dense stands of pickleweed, dikes and levees, continue to theas degrade

quality of remaining habitat areas.

~ ~
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VISION marsh harvest mouse management strategies
shouldfocuson."

The vision for the salt marsh harvest mouse is to
contribute to the recovery of this State- and¯ managing known critical mouse habitat areas;

federally listed endangered species through
restoring salt marsh habitat in San Pablo and̄ providing additional research to identify

other factors limiting the population andSuisun bays and adjacent marshes. Existing
occupied and unoccupied suitable habitat areas determine corrective measures; and

will be protected. Saline emergent wetlands will̄
addressing the needs of waterfowl and otherbe restored. Stressors to the population and

habitat will be reduced, new populations will be migratory birds that also use saline emergent

introduced into unoccupied habitat areas, wetlands.

Protecting existing suitable habitat areas from INTEGRATION WITH
potential activities that could adversely affect the OTHER RESTORATION
harvest mouse could be achieved through
cooperative agreements with land management PROG~:~u~.MS
agencies, conservation easements, or purchase
from willing sellers. Restoration of adjacentExisting restoration programs that would benefit
upland habitat will help to recover this species bythe salt marsh harvest mouse include:
increasing habitat area. Uplands provide the
mouse with refuge from flooding. ¯ Suisun Marsh Recovery Plan,

Reducing factors that contribute to degradation of̄ San Francisco Bay Joint Venture,
saline emergent wetland communities would
promote natural restoration and maintenance.̄ San Francisco Bay Area Wetlands Ecosystem
Increasing the quantity and quality of salt marsh Goals Project,
harvest mouse habitat and reducing the adverse
effects of stressors would establish conditions̄ California Coastal Conservancy,
necessary to maintain existing populations and
allow them to naturally recover. However,¯ Delta Native Fishes Recovery Plan,
introducing the mouse into unoccupied habitat
areas within its historic range would speed thē California Department of Fish and Game
recovery of the species by establishing new Delta/Bay Enhanced Enforcement Program,
populations before the species would be expected
to naturally expand into these or restored habitat̄ Grizzly Island Wildlife Area,
areas.

¯ National Estuarine Reserve Research System,
Many programs are underway to restore the Bay-
Delta salt marshes. Successful restoration̄ North Bay Wetlands Protection Program,
program implementation will increase the
chances of salt marsh harvest mouse recovery.̄ San Francisco Bay National Wildlife Refuge,
Current land management practices need to be and
examined and redef’med to restore, erLhance, and
promote salt marsh harvest mouse habitat. Salt̄ Tidal Wetlands Species Recovery Plan.
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Targets and actions will be coordinated throughcreated to outweigh disappearing marsh in other
these programs, areas if the small isolated populations are to be

enhanced. Created habitat would also benefit

LINKAGE WITH OTHER other species that use tidal marsh environments.

ECOSYSTEM ELEMENTS STAGE EXPECTATIONS: items in the1 Key
salt marsh harvest mouse recovery plan will have

Restoration of salt marsh harvest mouse isbeen identified, followed by implementation of
linked with restoration of saline those that would have immediate benefits to theintegrally

emergent wetlands and adjacent grasslandsspecies, including stopping population decline and
adjacent to San Pablo and Suisun Bays. increasing genetic flow between isolated

populations. The existing populations will have

STRATEGIC OBJECTIVE, been studied to determine their size and their
habitat requirements. Limit the activities that

TARGETS, AND would further increase erosion of Bay marshes
PROGRAMMATIC and therefore reduce existing population sizes.

ACTIONS                   The will assist infollowinggeneral targets
meeting th.e implementation objective:

~_
The Strategic Objective is to
restore salt marsh harvest ¯ Increase the number of salt marsh harvest
mouse to tidal marsh within mice in San Pablo and Suisun Bay marshes.
their historical range. ¯ Reduce the extent of isolation among the

mouse populations.

LONG-TERM OBJECTIVE: Restore salt marsh
harvest mouse to tidal marsh throughout theirThe following general programmatic actions will
historical range, assist in meeting the targets:

SHORT-TERM OBJECTIVES: Reestablish ¯ Increase the area of salt marsh adjacent to

populations in newly created or restored San PabloandSuisunBays.

marshland and protect existing populations as̄ Decrease the extent of isolation among

outlined in the salt marsh harvest mouse recovery remaining salt marshes.

plan. ¯ Increase the amount of adjacent grasslands to
the marshes.

RA’noI~a.E: This species is listed as endangered̄ Reduce the degree of stressors including

by both state and federal governments and exists water management and land use practices on

in small isolated populations in Bay salt marshes, existing and restored marshes and adjoining

Historically, about 107,000 acres of habitat upland habitats.

suitable for the salt marsh harvest mouse existed.
Degradation of habitat due to agricultural REFERENCE
practices, diking, and human disturbance has
limited greatly what is available today. It isStrategic Plan for Ecosystem Restoration. 1999.
important that this degradation and loss of any Appendix to the CALFED Bay-DeltaProgram
more habitat be stopped. Existing habitat is Environmental Impact Statement
susceptible to flooding and silting in, as well as /Environmental Impact Report. June 1999.
new building projects. New wetlands have to be
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I
¯ SUISUN ORNATE SHREW

!
INTRODUCTION asparagus and grain. As more and more lands

were converted to agriculture, more and more
I The Suisun shrew, a subspecies of the omate severehabitatlossoccurredwhichallowedfor

shrew, is a federal species of concern and is alsofragmentation of the habitat that remained.

listed as a California Department of Fish andBarriers, such as roads also added to

Game Species of Concern. Historically, thisfragmentation of the remaining habitat.

species inhabited tidal marshes ranging from SanDevelopment altered the landscape and

I Pablo and Suisun Bays to Grizzly Island and as fargeomorphology in many of these areas, which

west as the mouth of Sonoma Creek, Petalumacontributed to the loss of habitat.

River, and Tubbs Island. Most of the shrew’s
range today exists in the tidal marshes of SuisunTidal marshes occur within the Suisun

I Marsh/North San Francisco Bay EcologicalBay.
Management Zone of the ERP area. The

The primary factor affecting the Suisun shrew is      elimination of much of Suisun shrew’s habitat isI the primary cause of the species’ decline. Otherhabitatdegradation. The shrewpreferstidal
wetland to diked or managed wetlands andfactors that have contributed to the decline or

therefore is limited in its range, potentially could inhibit the recovery of the

I species include human activities that disturb the
species and predation by non-native species.

RESOURCE DESCRIPTION Grazing; water management practices; land use

I practices; contaminants; and human-made
The Suisun shrew typically inhabits tidal saltstructures, such as dikes and levees, continue to
marsh with adjoining upland areas where they candegrade the quality of remaining habitat areas.

I seek shelter during high tides and flooding. They
only occur where dense foliage and driftwood can VISIONbe used for nesting material and foraging. In

i addition, the shrew prefers areas where the soil
moisture is constant. An upland component toThe vision for the Suisun ornate shrew is to

their habitat requirements is necessary to avoidrecover this California species of species concern

inundation during rising tides. The structure ofand contribute to the overall species richness and

I the vegetation that occurs in their habitat may bediversity. Achievingthis visionwill reduce
more important than species composition. Whenconflict between protection for this species and

other beneficial uses of land and water in the Bay-tides are high and the ground is wet the shrewI travels above ground, in the vegetation.Delta.

Therefore, vegetation needs to be thick enough to
provide cover for an escape corridor. The SuisunProtecting existing suitable habitat areas from

I ornate shrew is insectivore and additional dietpotential activities that could adversely affect the
Suisun shrew could be achieved through

items include crustaceans,                           cooperative agreements with land management

I agencies, conservation easements, or purchaseWith the development of the Suisun Marsh came
the construction of dikes and levees for floodfrom willing sellers. Restoration of adjacent

control and protection of lands reclaimed for usesupland habitat will help to recover this species by

I increasing habi.tat area. Uplands provide thesuch as agriculture. These reclaimed areas
shrew with refuge from flooding.su.pported livestock grazing, and crops such as

I
~ ~rx
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Reducing the factors that .contribute to degradation LIN KAGE WITH OTHERof marshes would promote natural restoration and
maintenance. Increasing the quantity and quality ECOSYSTEM ELEMENTS
of Suisun shrew habitat and reducing the adverse
effects of stressors would establish conditionsRestoring tidal habitat to increase populations of
necessary to maintain existing populations andthe Suisun shrew would benefit the other species
allow them to naturally recover, found in this habitat. These species include the

salt marsh harvest mouse and wading and

] NTEGRATION WITH shorebirds.

OTHER RESTORATION STRATEGIC OBJECTIVE,
PROGRAMS TARGETS, AND

Existing restoration programs that could benefit PROGRAMMATIC
the Suisun shrew are: ACTIONS
¯ Suisun Marsh Recovery Plan

The Strategic Objective is to
¯ San Francisco Bay Joint Venture restore Suisun ornate shrew

to representative habitats
¯ Bay Area Wetlands Planning Group within its range.

¯ California CostalConservancy LONG-TERM OBJECTIVE-" Restore Suisun
ornate shrew to tidal wetland habitats throughout

¯ Delta Native Fishes Recovery Plan its native range.

¯ California Department of Fish and Game SHORT-TERM OBJECTIVE: Identify the
Delta/Bay Enhanced Enforcement Program remaining populations of Suisun ornate shrew and

develop a conservation plan to stop the decline of
¯ Grizzly Island Wildlife Area this species.

¯ National Estuarine Reserve Research SystemRATIONALE’- The Suisun ornate shrew is a listed
as a species of special concern by the California

¯ North Bay Wetlands Protection Program Department of Fish and Game, but its limited
habitat and distribution indicate it may qualify as

¯ San Francisco Bay National Wildlife Refuge a threatened species. Long-term survival of this
subspecies is dependent upon tidal wetland, as

¯ Tidal Wetlands Species Recovery Plan, and opposed to diked wetlands, and has to have
adequate physical structures and plant

¯ San Francisco Bay Area Wetlands Ecosystem communities for survival. Its tidal marsh habitat
Goals Project. has to have adjacent upland habitat for survival of

the species during periods when the marsh is
inundated. The upland habitat has to have
relatively low densities of exotic predators.
Restoring habitat would not only benefit the
Suisun ornate shrew but other species, such as the
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I
salt marsh harvest mouse, that also use tidal marsh
and upland marsh habitats.! STAGE 1 ,~E~’rA’rlONS-" All remaining
populations of Suisun ornate shrew will have beenI and protection/restorationplansidentified
developed and implemented.

I REFERENCES

Strategic Plan for Ecosystem Restoration. 1999.
Appendix to the CALFED Bay-Delta Program
Environmental     Impact     Statement

I /Environmental Impact Report. June 1999.

U.S. Fish and Wildlife Service, Status and Trends

I Report on Wildlife of the San Francisco
Estuary, San Francisco Estuary Project, 1992

i Zeiner, David C., William F. Laudenslayer, Jr.,
Kenneth E. Mayer (ed.), California’s Wildlife
Volume 111 Mammals, Department of Fish and

I Game, Sacramento, 1988.

I
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I
¯ SAN PABLO CALIFORNIA VOLE

!
| NTRODUCTION                                 I NTEGRATION WITH

I The San Pablo Califomia vole is known to inhabit OTHER RESTORATION
the salt marshes of San Pablo Bay. This species PROGRAMS

I has declined, primarily as a result of the loss or
degradation of its habitat. The loss of habitat hasExisting restoration programs that would benefit
warranted its listing as a California Specialthe San Pablo California Vole include:

i Concem Species. The major factor that limits this
resource’s contribution to the health of the Bay-̄ San Francisco Bay Joint Venture,
Delta are related to adverse effects of habitat loss.

¯ Bay Area Wetlands Planning Group,
I RESOURCE DESCRIPTION ¯ Califomia Coastal Conservancy,

I ¯ California Department of Fish and Game
The San Pablo Californiavole is known
exclusively from the salt marshes of San Pablo
Creek, Contra Costa County, on the south shore of Delta/Bay Enhanced Enforcement Program,

I San Pablo Bay. ¯ National Estuarine Reserve Research System,

To a large degree, the decline of the San Pablō North Bay Wetlands Protection Program,

I California vole can be attributed to the long-term
cumulative effects of salt marsh habitat̄ San Francisco Bay National Wildlife Refuge,conversion and degradation. A combination of

i changes to salt marsh ecosystems has added to thē
Tidal Wetlands Species Recovery Plan, andproblem. These changes include:

¯ loss of salt marsh habitat,                       ¯ San Francisco Bay Area Wetlands EcosystemI Goals Project.

¯ agricultural activities such as discing and
poisoning, and LINI~GE WITH OTHER

ECOSYSTEM ELEMENTS¯ nonnative predators such as the red fox.

I Restoration of the San Pablo California Vole is
VISION integrally linked with restoration of salt marsh

habitat of San Pablo Bay.

I The vision for the San Pablo Califomia vole is to
contribute to the recovery of this California
species of special concern and contribute to the

I overall species richness and diversity. Achieving
this vision will reduce conflict between protection
for this species and other beneficial uses of land

i and water in the Bay-Delta.

I
~ ~
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STRATEGIC OBJECTIVE, studies to determine its relationship to the widely
distributed California vole.

TARGETS, AND
PROGRAMMATIC REFERENCES

ACTIONS
Strategic Plan for Ecosystem Restoration. 1999.

Appendix to the CALFED Bay-Delta Program
The Strategic Objective is to Environmental Impact Statement
maintain current San Pablo /Environmental Impact Report. June 1999.
California Vole population and
conduct further research into Williams, Daniel F. 1986. Mammalian Species
vole genetics, of Special Concern in California, Wildlife

Management Division Administrative Report
LONG-TERM OBJECTIVE: Restore San Pablo         86-1. June 1986.
vole to tidal marsh throughout their
historical range.

SHORT-TERM OBJECTIVE: Determine the
distribution and taxonomic status of the vole
while maintaining existing salt marsh habitat
know to contain populations. Undertake wetland
restoration projects in and adjacent know
populations to increase available habitat.

P,~T~ON~a.E: The San Pablo vole is a California
Department of Fish and Game Special Concern
species. Although little is known about its
distribution, biology, or taxonomy, it appears to
be a distinct form that is confined to salt marshes
and adjoining grasslands in Contra Costa County.
To limit the decline of the populations even
further, salt marsh and adjoining grassland
habitats in Contra Cosa County need to be
protected and further degradation and loss of
habitat halted. Because present populations

to be isolated from one another, there isappear
a need to expand salt marsh habitats to maintain
populations sizes and increase gene flow between
the isolated populations.

localities for this species will have been protected
and a thorough search made for other
populations. A restoration plan will have been
developed and implemented that includes genetic
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I
SPECIAL-STATUS PLANT SPECIES

! PERENNIAL GRASSLAND        concern by the USFWS and is considered rare,

I threatened, or endangered by the CalifomiaNative
SPECIAL-STATUS PLANT Plant Society (List 1B). Recurved larkspur

SPECIES inhabits poorly drained, fine, alkaline soils in
grassland in the Central Valley and surroundingI foothills of the Coast Ranges from Colusa County

INTRODUCTION to Kern County (NDDB 1996). Much of the
larkspur’s habitat has been converted toI Perennial grassland was historically common and is also threatenedagriculture, bygrazing.

throughout the Central Valley. Most perennial
grassland has been lost or converted into annual VISIONI grassland dominated by non-native species.
Perennial grassland provides important breeding

The vision for fragrant fritillary is to maintainand foraging habitat for many wildlife species and

I supports several special-status plant species,populations of this Califomia Native Plant Society

including fragrant fritillary (Fritillaria liliacea) List 1B plant species.

and recurved larkspur (Delphinium recurvatum).

I The vision for recurved larkspur is to maintain
populations of this California Native Plant Society

SPECIES DESCRIPTIONS List 1B plant species.

I The vision for the previous two species andFRAGRANTFRITILLARY (Fritillaria liliacea)is
a slender, bulb-forming herbaceous perennial ofperennial grassland species is to protect existing
the Lily family (Lileaceae). Its flowers are whitepopulations, promote the recovery of the species’I and typically have a green or yellow throat,habitat, establish andnew populations, manage
Fragrant fritillary is considered a species ofoccupied sites properly to ensure the long-term
concern by the USFWS and is considered rare,viability of the species. A site-based evaluation of

I threatened, or endangered by the California Nativeexisting populations would be conducted, criteria
Plant Society (List 1B). Fragrant fritillary occurson habitat and populations conditions developed,
primarily in the outer Coast Ranges from Sonomaand all sites ranked based on the criteria in terms

I County to Monterey County, with disjunct of low to high quality habitat. Based on the site
occurrences in Solano County. Many populationsrankings, the highest quality populations would be
occur on public lands, and several occurrences areprotected.

I found on The Nature Conservancy’s Jepson
Prairie Preserve. The habitat of the species is lowTo ensure the long-term viability of the species,
elevation grasslands or coastal scrub with claylower quality sites would be evaluated for

I soils, typically characterized by serpentine. Thepotential habitat restoration or enhancement
primary threats to this species include livestockopportunities. Existing populations would be
grazing, agriculture, recreational activities, andexpanded through habitat restoration,

I urban development (NDDB 1996). enhancement, and appropriate management. The
species’ grassland habitat would be protected from

RECIJRVED I../M:IKSPUR (Delphinium overgrazing and trampling by livestock.

I recurvatum) is a perennial herb with light blue andAppropriate management techniques, such as
white flowers in the Buttercup familylowered grazing regime, prescribed bums, and
(Ranunculaceae). It is considered a species of
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exotics control would be evaluated and STRATEGIC OBJECTIVE,
appropriate techniques implemented to promote
The health and vigor of existing and restored TARGETS, AND
populations. PROGRAM MATIC

ACTIONS
I NTEGRATION WITH

OTHER RESTORATION The strategic objective for
PROGRAMS perennial grassland special-

status plant species is to
Restoring perennial grassland is an objective of preserve and restore perennial
the Cache Creek Corridor Restoration Plan and grassland habitat in
Yolo County Habitat Conservation Plan. conjunction with restoration of wetland
Additional efforts to restore habitat for fragrant and riparian habitats.
fritillary and recurved larkspur will involve
cooperation with programs managed by severalLONG-TERM OBJECTS: Preserve and restore
agencies and organizations. These include: perennial grassland habitat that provides for

special status plant species.
¯ Cosumnes River Preserve,

SHORT-TERM OBJECTIVE: Develop or utilize
¯ Grizzly Slough Wildlife Area, existing GIS overlays which depict specific sites

supporting special status perennial grassland plant
¯ Jepson P~airie Preserve, species and compare these sites to other proposed

restoration measures for the restoration of wetland
¯ Putah Creek South Fork Preserve, and riparian habitat.

¯ Stone Lakes National Wildlife Refuge, and RATIONALE’- Protection and restoration of
special status plant species is closely linked to

¯ Woodbridge Ecological Reserve. actions to protect and restore perennial grasslands.
In addition to supporting vernal pools, perennial

LINKAGE WITH OTHER grasslands provide valuable habitat for many
wildlife species and provide important transitionalECOSYSTEM ELEMENTS        habitat and support area for adjacent habitat. The

design of restoration actions for perennial
Fragrant fritillary and recurved larkspur are linkedgrasslands must include consideration and
with a habitat ecosystem element, perennialmodification to accommodate specialstatus plants.
grassland. Land use, human disturbance, and non-
native species are stressors that could adverselySTAGE 1 EXPECTATIONS’- Distribution surveys
affect the perennial grassland special-status plants,will have been conducted or competed to identify

special status plant habitats. This information will
have been integrated into project planning for
wetland and perennial grassland restoration
actions.

The targets for these species include identifying
and protecting high-quality habitats and
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I
populations and ensuring the long-term viability

i of the species on higher ranked sites.

¯ Acquire lands supporting existing populations

i or develop cooperative relationships with
landowners to protect existing populations,
beginning with the highest quality sites.

I ¯ Develop appropriate methods to protect and
restore habitat and populations of special-

i status plant species.

¯ Manage protected areas occupied by the
species to promote conditions favorable for
the establishment, growth, and vigor of the
species.

¯ Conduct a site-based evaluation ofI and rank sites based criteriapopulations on

developed to assess habitat and populations
conditions.

I
REFERENCE

I Natural Diversity Data Base. 1996. Record
search for occurrence of Fritillaria liliaceae

I and Delphinium recurvatum. California
Department of Fish and Game, Sacramento,
CA.
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TIDAL BPd~CKISH AND 1991). Populations of this species are small and
fractured and few large contiguous sites exist on

FRESHWATER MARSH non-leveed sloughs or on eroding in-channel

SPECIAL-STATUS PLANT islands.

SPECIES Mason’s lilaeopsis has lost a large amount of its
habitat through direct loss from flood control

INTRODUCTION structures and rip-rap and through erosion of
remnantin-channel islands. Widening of Delta

Tidal brackish and freshwater marshes occur inchannels for water transport, dredging and

transitional areas between open-water and uplanddumping of spoils, recreational development, and
habitats throughout the Bay and Delta and arechanges in water quality resulting from decreased
important habitats for many plant, fish andflows in the Delta also threaten Mason’s

wildlife of the Bay-Delta. Substantial loss of tidallilaeopsis. Although much of the habitat for

brackish and freshwater marshes has beenMason’s lilaeopsis is privately owned, several

incurred as a result of reclamation and channelState and Federal agencies have jurisdiction over

dredging and scouring, leading to the decline ofthe Delta waterways. One site is protected in

many native fish, wildlife, and plant species.Solano County on a DFG Ecological Reserve.
Special-status plants inhabiting Bay-Delta tidalDFG has been active in coordinating research on

marshes include Mason’s lilaeopsis (Lilaeopsisand trying to transplant the species. The trend for
Suisun Marsh aster (Aster lentus), Mason’s lilaeopsis is one of decline (DFG 1991).masonii),

bristly sedge (Carex comosa), Suisun thistle
(Cirsium hydrophylIum vat. hydrophyllum), soft SomuN IVI/~SH ASTER. Suisun Marsh aster is
bird’s-beak (Cordylanthus mollis ssp. mollis), a rhizomatous perennial herb in the sunflower

rose-mallow (Hibiscus lasiocarpus), Delta tule family (Asteraceae). Suisun Marsh aster is on

pea (Lathyrus jepsonii var. jepsoniO, and Delta CNPS’s List lB. Suisun Marsh aster has habitat
mudwort (Limosella subulata), requirements and a distribution similar to that of

Mason’s lilaeopsis, but is not known from
Alameda County. Suisun Marsh aster is

SPECIES DESCRIPTIONS threatened by marsh habitat alteration and loss.
Factors leading to marsh habitat alteration and loss

IVIASON°S MLA~OPSlS. Mason’s lilaeopsis is a include development, agriculture, recreation,
minute, turf-forming perennial plant in the carrotchannelization, channel maintenance activities,
family (Apiaceae). It spreads by rhizomes andand marsh drainage.
produces long, narrow, jointed leaves. Mason’s
lilaeopsis is state-listed as rare and is consideredBRISTLY SEDGE. Bristly sedge is a rhizomatous
rare, threatened, or endangered by the Californiaperennial herb in the sedge family (Cyperaceae).
Native Plant Society(List 1B). Mason’s lilaeopsis Bristly sedge is considered rare, threatened, or
is semiaquatic and is usually found on saturatedendangered in California but more common
clay soils which are regularly inundated by waveselsewhere by CNPS (List 2). Bristly sedge occurs
and tidal action. Its known distribution extendsaround lake margins in Contra Costa, Lake,
from the margins of the Napa River in NapaShasta, San Joaquin, and Sonoma Counties. It is
County, east to the channels and sloughs of thealso widespread outside of California, occurring in
Sacramento-San Joaquin Delta in Contra Costa,Idaho, Oregon, and Washington. Bristly sedge is
Solano, Sacramento, Yolo, and San Joaquinthreatened by marsh habitat alteration and loss.
Counties. Approximately 50 occurrences of
Mason’s lilaeopsis were known in 1991 (DFG
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MAD-DOG SKULLCAP. Mad-dog skullcap is a SOFT BIRD’S-BEAK. Soft bird’s-beak is a
rhizomatous perennial herb mint familysparingly-branched, semi-parasitic herbaceous
(Lamiaceae). Mad-dog skullcap is considered rare,annual plant in the figwort family
threatened, or endangered in California but more(Scrophulariaceae). Its stems are covered by soft
common elsewhere by CNPS (List 2). Mad-dog hairs, and it bears white two-lipped flowers. Soft
skullcap inhabits mesic meadows and marshes andbird’s-beak is proposed for federal listing as
in California is known from only 2 occurrences inendangered and is state-listed as rare. Soft bird’s-
Inyo and San Joaquin Counties (Skinner andbeak occurs along the northem shores oft_he San
Pavlik 1994). Mad-dog skullcap also occurs in Francisco Bay, in Suisun Marsh, and in the salt
New Mexico and Oregon. Mad-dog skullcap is marshes south of Suisun Bay. A dozen historical
threatened by marsh habitat alteration and loss. occurrences were known from Marin to Conga

Counties, counties border SanCosta wherethe
SUISON THISTLE. Suisun thistle is a perennial Francisco Bay. In 1991, the species was known to
herb in the sunflower family (Asteraceae). It hasbe extant at only three sites: Benicia State
slender, erect stems that are 3-4.5 feet tall and areRecreation Area, DFG land along theRiverNapa
well-branched above. The spiny leaves are deeplyat Fagan Slough, and Point Pinole Regional
lobed. The flower heads are pale lavender-roseShoreline (California Department of Fish and
and the flower head bracts have a distinct green,Game 1992). Recently, several new populations
glutinous ridge on the back. Suisun thistle ishave been discovered at salt marshes near
proposed for federal listing as endangered and isMartinez and at Suisun Marsh (Natural Diversity
on CNPS’s List lB. Suisun thistle is known from Data Base 1996). Soft bird’s-beak inhabits the
only 2 locations in the Suisun Marsh in Solanoupper reaches of salt grass-pickleweed marshes at
County (CFR 60(112)). It occurs on the edges of or near the limits of tidal action. Soft bird’s-beak
salt and brackish marshes that are periodicallyis susceptible to factors similar to those listed
inundated during high tides. The total number ofabove for Suisun thistle (CFR 60(112)).
individuals of Suisun thistle is a few thousand
individuals (CFR 60(112)). One occurrence is on ROSE-MALLOW. Rose-mallow is a
DFG lands and a second occurrence is on Solanoherbaceous perennial plant in the Mallow family
County Farmland and Open Space Foundation(Malvaceae). Rose-mallow is considered rare,
lands, threatened, or endangered in California but more

common elsewhere by CNPS (List 2). Rose-
Suisun thistle was probably more widespread inmallow is relatively widespread along the lower
the past, but reductions in salt marsh habitat thatportions of the Sacramento and San Joaquin
have resulted from drainage or filling, andRivers, but most occurrences are very small, the
possibly water pollution, may have contributed tospecies prefers open, freshwater marsh habitats
the species’ decline (Niehaus 1977). Its presentalong slow-moving watercourses, and is often
highly restricted distribution increases itsfound on peaty substrates in association with
susceptibility to catastrophic events such asbulrush (Scirpus sp.). Rose-mallow does not
disease or pest outbreak, severe drought, oil spills,tolerate shade from dense woody vegetation.
or other natural or human caused disasters.Rose mallow is threatened by marsh habitat
Continued habitat conversion, habitatalteration and loss. Factors leading to marsh
fragmentation, indirect effects from urbanhabitat alteration and loss include development,
development, increased salinity, projects that alteragriculture, recreation, channelization, channel
natural tidal regime, mosquito abatementmaintenance activities, and marsh drainage.
activities, competition with non-native plants, and
inadequate regulatory mechanisms also threatenOELTA TOLE pmn,. Delta tule pea is a
this taxon (CFR 60(112)). herbaceous perennial plant in the legume family
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(Fabaceae). Delta tule pea is on CNPS’s List lB. The vision for soft bird’s beak is to recover this
Delta tule pea inhabits freshwater and brackishfederally listed’endangered species by protecting
marshes in Alameda, Contra Costa, Fresno, Marin, and preserving important habitat sites within the
Napa, Sacramento, San Benito, Santa Clara, SanBay-Delta.
Joaquin, and Solano Counties. Delta tule pea is
threatened by marsh habitat alteration and loss.The vision for rose-mallow is to maintain
Factors leading to marsh habitat alteration and losspopulations of this California Native Plant Society
include development, agriculture, recreation,List2 plant species.
channelization, channel maintenance activities,
and marsh drainage.                              The vision for Delta tule pea is to contribute to the

recovery of this California Native Plant Society
DELTA MUDWORT. Delta mudwort is a List 1B plant species.
stoloniferous perennial herb in the figwort family
(Scrophulariacae). Delta mudwort is consideredThe vision for Delta mudwort is to contribute to
rare,threatened, endangeredin California but the recovery of this California Native Plantor
more common elsewhere by CNPS (List 2). Delta Society List 2 plant species.
mudwort inhabits marshes in Contra Costa,
Sacramento, San. Joaquin, and Solano Counties.The vision for these tidal brackish and freshwater
It is also found on the Atlantic Coast. Deltamarsh guild of plant species is to provide
mudwort is threatened by marsh habitat alterationprotection for existing populations and restore
and loss. Factors leading to marsh habitathabitat to provide sites for expansion of the
alteration and loss are similar to those describedspecies. Existing populations should be protected
above for Delta tule pea. through acquisition or cooperative efforts with

landowners, beginning with the highest quality

VISION sites. A site-based evaluation of populations
would be conducted to all rank sites based on
criteria developed to assess habitat and populationThe vision for Mason’s lilaeopsis is to recover this
conditions. Higher ranked sites that are protectedState listed rare plant by protecting and preserving

important habitat sites within the Bay-Delta. would serve as a source of propagules for restored
areas.

The vision for Suisun Marsh aster is to recover
this California Native Plant Society List 1B plantHigher quality sites will also be evaluated for

species, potential enhancement opportunities through
habitat expansion. Moderate or low quality sites
will be restored to low elevation intertidal habitatsThe vision for bristly sedge is to contribute to the

recovery of this California Native Plant Societyand establishment of species in this guild
promoted. Restoration efforts would includeList 2 plant species,
protecting eroding sites, such as on in-channel

The vision for mad-dog skullcap is to maintainislands, from further erosion. During the

populations of this California Native Plant Societyrestoration of habitat, ecological functions such as
sediment deposition and erosion to balance theList 2 plant species, formation and loss of intertidal habitats would be

The vision for Suisun thistle is to recover this
promoted.

federally listed endangered species by protecting
and preserving important habitat sites within the
Bay-Delta.
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!
INTEGRATION WITH                       STRATEGIC OBJECTIVE.

I OTHER RESTORATION TARGETS. AND
PROG RAM S PROG RAM MATI C

I Efforts to restore habitat for the Delta plant
ACTIONS

species will involve cooperation with programs

i being implemented by DFG to promote their ~, The Strategic Objective is to
occurrences and cooperation from agencies with

~                 restore at-risk endemic tidalresponsibility or authority for maintaining or brackish and freshwater tidal

i restoring tidal perennial habitat, including: marsh plants.

¯ California Department of Fish and Game, LONG-TERM OBJECTIVE: Have self-sustaining

i populations of Mason’s lilaeopsis, Suisun Marsh
¯ U.S. Fish and Wildlife Service, aster, Suisun thistle, soft birds-beak, rose-mallow,

Delta mudwort, and Delta tule pea and similar

i ¯ U.S. Army Corps of Engineers, declining endemic species located throughout their
original native range in marshes associated with

¯ Delta Protection Commission the Bay-Delta system.

I Area, SHORT-TERM OBJECTIVE." Protect existingBeniciaStateRecreation
populations of the species and restore habitat to

¯ Point Pinole Regional Shoreline, and provide sites for expansion of all rare native
i species require or waterthat tidal brackish

¯ Solano County Farmland and Open Spacemarshes.
Foundation.

I RATIONAd.E-" The species listed here are
Other programs that could be solicited forexamples of plants that are largely endemic to
collaboration to benefit the Delta species includebrackish water marshes of Suisun Bay and

I the Montezuma Wetlands Project and Tidalelsewhere in the estuary. The likelihood of
Wetlands Species Recovery Plan extinction among these species varies from very

high for Suisun thistle, known from only four

I LINKAGE WITH OTHER occurrences, to moderate for Mason’s lilaeopsis,
which is widely distributed throughout the Delta.

ECOSYSTEM ELEMENTS         In combination, these seven species require a
range of declining tidal marsh habitats in the

The Delta guild of plant species is integrallyBay-Delta system. Although only two of the
linked with the restoration of tidal perennialspecies (Suisun thistle and soft bird’s beak) are

I aquatic habitat. Stressors that could affect theformally listed as endangered, restoration of all
Delta guild include non-native species such asthese species to the point where they are fairly
water hyacinth that shades out habitat whencommon would indicate that major marsh

I occurring in dense patches; levees, bridges, andrestoration projects in the region had succeeded.
bank protection; dredging’ water management;
human disturbance; and contaminants. Tides areSTAGE 1 EXPECTATIONS: The status of the
an important primary physical process that affectsseven species listed here will have improved.
the tidal brackish and freshwater plant speciesSurveys of present ranges of the species (and
guild.
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i

otherrare marsh plants), studies of their ecological Threatened and Endangered Animals and
requirements, and identification of key restoration Plants. Sacramento, CA.
sites will have been completed. Ongoing marsh
restoration projects in the Bay-Delta system willCalifornia Department of Fish and Game 1992 -
have been evaluated according to their success at CALFED Bay-Delta Program Special Status
restoring rare native plant species and lessons Plants and Animals Draft Affected
learned applied to new projects. Environment Technical Report (Appendix A.

Federally Listed Plants and Animals) Sept. 23,
The following actions would contribute to 1996
improving the tidal brackish and freshwater marsh
special-status plant species populations:              Niehaus 1977 - CALFED Bay-Delta Program

Special Status Plants and Animals Draft
¯ Conduct a site-based evaluation of Affected Environment Technical Report

populations and rank sites based on criteria (Appendix A. Federally Listed Plants and
developed to assess habitat and populations Animals) Sept. 23, 1996
conditions.

Stone, R,D., G.L. Clifton, W.B. Davilla, J.C.
¯ Acquire lands supporting existing populations Stebbins, and D.W. Taylor. 1987.

or develop cooperative relationships with Endangerment status of the grass tribe
landowners to protect existing populations, Orcuttieae and Chamaesyce hooveri
beginning with the highest quality sites. (Euphorbiaceae) in the Central Valley of

California.
¯ Develop appropriate methods to protect and

restore habitat and populations of the tidal
brackish and freshwater marsh special-status
plant species.

¯ Manage protected areas occupied by the
species to promote conditions favorable for
the establishment, growth, and vigor of the
species. Include management techniques such
as exotic weed control and hydrologic
regulation.

¯ Restore moderate or low quality sites to low
elevation intertidal habitats and promote
establishment of species in this guild. During
the restoration of habitat, promote ecological
functions such as sediment deposition and
erosion to balance the formation and loss of
intertidal habitats.

REFERENCES

Department of Fish and Game. 1991. Annual ¯
Report on the Status of California State Listed
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I
AOUATIC HABITAT deeply enough to maintain permanent water

through seepage. Some historical nontidal
SPECIAL-STATUS PLANT perennial habitat was created naturally as a result

SPECIES of shifts in river alignments that occasionally
resulted in establishment of isolated oxbow lakes.I Eel-grass pondweed (Potamogeton zosteriformis)

INTRODUCTION is the only aquatic habitat special-status plant
species that is expected to occur in the study area.

Aquatic habitats associated with shorelines of
rivers and the Delta include shaded riverine

SPECIES DESCRIPTIONaquatic and riparian habitats. Riverine aquatic

I habitat shaded by riparian vegetation provides
important habitat for many species of fish,EEL-GRASS PONDWEED (Potamogeton

waterfowl, and wildlife. Nontidal perennial zosteriformis) is an annual aquatic plant with

aquatic habitat is another aquatic habitat thatnarrow linear leavesthatgrows less than 24 inches

occurs in the Bay-Delta as permanent open watertall and is submerged in ditches, ponds, lakes, and

that is no longer subject to tidal influences, slow-moving streams generally below the 5,000-
foot elevation (Mason 1957, Hickman 1993). Eel-

i Riverine aquatic habitat is characterized by thegrass pondweed is more common outside the State

relatively shallow submerged and seasonallyof California, although suitable habitat exists for

flooded areas in estuary and river channel beds.it in the Central Valley, where it is considered

Channel beds contain gravel beds, bars, andrare. It is known to have occurred in Lassen,

riffles; transient sandy shoals; waterlogged woodyShasta, and Modoc Counties in the State based on

debris piles; and the shaded riverine aquaticsix records in the California Department ofFish

I and Game Natural Diversity Data Base (1996) thathabitatzone. Thishabitatzoneislocatedwhere
the river meets the riparian canopy. Riverinewere documented between 1897 and 1949. Eel-

aquatic zones provide spawning substrate, rearinggrass pondweed is expected to occur in the San

I and escape cover, feeding sites, and refuge fromJoaquinRiverDelta (Mason 1957, Munz and

turbulent stormflows for fish and other aquaticKeck 1973). The species has not been listed for

organisms. Riparian and riverine aquatic habitatsprotection by the State or the federal government.

I natural fluvial It has been assigned to List 2 by the Californiaare createdand sustainedby
processes associated with rivers.                    Native Plant Society (Skinner and Pavlik 1994).

I The nontidal habitat is in VISIONperennialaquatic present
certain low-elevation areas in the Bay-Delta
estuary. In many places within the Delta, thisThe vision for eel-grass pondweed is to maintain
habitat type has replaced the native tidal aquaticpopulations of this CalifomiaNative Plant Society
habitats that existed prior to reclamation. MostList 2 plant species.
nontidal perennial aquatic habitat areas were

i established by constructing dikes and levees asThe overall vision for aquatic habitat plant species
part of reclamation activities. As land wasis to provide protection for and enhance existing
converted to agricultural uses, perennial aquaticpopulations. The vision for eel-grass pondweed

i habitats established in large agricultural drains;and other aquatic habitat plant species should be
small farm ponds; industrial ponds; pondsinitiated by conducting surveys in the project area
managed for waterfowl and other wildlife; andto identify locations of sites. Following

I Delta island blowout ponds, which were created identification of sites, it will be necessary to
by levee failures that scoured island interiorsconduct site-based evaluations of populations,
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develop criteria on habitat and population Fish and Game Sacramento River Wildlife
conditions, and rank all sites based on the criteria Management Area; and
in terms of low- to high-quality. Higher ranked
sites should be identified for protection.̄ ongoing coordination efforts and programs of
Restoration efforts should be focused on restoring the Wildlife Conservation Board, including
existing habitat and promoting establishment of the Riparian Habitat Joint Venture.
aquatic plant species on restored sites or at other
sites with suitable habitats. LINKAGE WITH OTHER
Existing populations of aquatic species should be ECOSYSTEM ELEMENTS
protected through acquisition or cooperative
efforts with landowners, beginning with theRiverine aquatic habitat is important to many fish,
highest quality sites, wildlife, and plant species and communities. It is

adversely affected by stressors that include levee
construction, gravel mining, flow pattems,INTEGRATION WITH fragmentation of existing stands of riparian

OTHER RESTORATION vegetation, competition and displacement by non-

PROGRAMS native plant species.

Efforts to achieve the vision for riverine aquaticRestoration ofnontidal perennial aquatic habitat is
linkedwithhabitat (including riparian habitat) may involve ecosystem processes including:

coordination with other programs. These include:
¯ the geologic and hydrologic condition, stream

¯ U.S. Army Corps of Engineers proposed meander, and tidal function necessary to

reevaluation of the Sacramento River flood maintain permanent surface water;

control project and ongoing bank protection
project, including more comprehensive¯ a range of elevations sufficient to support

floodplain management and river ecosystem deep-water (greater than 3 feet in depth) and

restoration opportunities; shallow-water areas; and

¯ adjacent wetland and riparian (streambank)¯ SB 1086 Advisory Council efforts and river
corridor management plan for the Sacramento vegetation.

River;
The value of nontidal perennial aquatic habitat to

¯ the San Joaquin River Parkway andwildlife greatly increases if emergent vegetation is

Management plans; present along shorelines and in shallow-water
areas. Adjacent dense upland herbaceous

¯ ongoing Sacramento Valley conservationvegetation and riparian woodland further increase

planning by the Nature Conservancy andthe value to wildlife.

other private nonprofit conservation
organizations;

¯ expansion plans and conservation easements
underway for the Sacramento River National
Wildlife Refuge and California Department of

¯
~ ~
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STRATEGIC OBJECTIVE. sites. Implementation of the following actions
would contribute to achieving the targets:

TARGETS, AN D

PROGRAMMATIC ¯ Conduct a site-based evaluation of
populations, develop criteria on habitat andACTIONS                       population conditions, and rank all sites based

on the criteria in terms of low- to high-quality.
The Strategic Objective is to Based on the ranking of sites identify the

~ restore eel-grass pondweed in higher ranked sites for protection.
nontidal perennial aquatic ¯ Protect higher ranked sites through acquisition
habitata in the Bay-Delta or cooperative efforts with landowners.

¯ Conduct studies determine the microhabitatestuary. to
requirements of eel-grass pondweed and
determine reasons for limited distribution.

LONG-TERM OBJECTIVE: Have self-sustaining
populations of eel-grass pondweed located

¯ Develop and implement a habitat management

throughout their original native range in marshes plan to protect eel-grass pondweed on higher
ranked sites.associated with the Bay-Delta estuary.

SHORT-TERM OBJECTIVE: Protect existing REFERENCES
populations of the species and restore habitat to
provide sites for expansion of all rare nativeHickman, J.C. (ed.). 1993. The Jepson Manual,
species that require nontidal aquatic habitat. Higher Plants of California. University of

California Press, Berkeley, CA.
RATIONALE." Eel-grass pondweed requires
nontidal aquatic habitat. The restoration ofMason, H.L. 1957. A flora of the marshes of
nontidal aquatic habitat should provide for a California. University of California Press,
diversity plant species including Berkeley,of andanimal CA.
eel-grass pondweed.

Munz and Keck. 1973. A California flora and
STAGE 1 I=XPECTATIONS: The status of eel- fauna supplement. University of California
grass pondweed will have improved. Surveys of Press, Berkeley, CA.
present ranges of the species, studies of its
ecological requirements, and identification of keyNatural Diversity Data Base. 1996. Records
restoration sites will have been completed. On- search for occurrences of Eel-grass pondweed
going nontidal perennial aquatic habitat (Potamogeton zosteriformis). California
restoration projects in the Bay-Delta will have Department of Fish and Game, Sacramento,
been evaluated according to their success or CA.
potential support for restoring rare native plant
species and lessons learned applied to newSkinner, Mark W. And Bruce M. Pavlik. 1994.
projects. California Native Plant Society’s inventory of

rare and endangered vascular plant of
The targets for eel-grass pondweed include California. Fifth edition. (Special Publication
identifying and protecting high-quality habitats No. 1.) California Native Plant Society.
and populations throughout the range of this Sacramento, CA.
species in the study area, and ensuring the long-
term viability of the species on higher ranked
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VERNAL POOL                elsewhere by the California Native Plant Society
(CNPS) List lB. Colusa grass grows in the

SPECIAL-STATUS PLANT bottoms of large or deep vernal pools with
SPECIES substrates of adobe mud and is somewhat resistant

to light grazing. Colusa grass is endemic to the
southern Sacramento and northern San Joaquin

INTRODUCTION Valleys. Its historical distribution included
Merced, Stanislaus, Solano and Colusa Counties,

Vernal pools are seasonally flooded depressionsbut is now extirpated from Colusa County. Two
that support a distinctive biota adapted to periodic new populations have been found in Yolo County.
or continuous inundation during the wet seasonThe primary reasons for decline of Colusa grass

and desiccated soils during the dry seasoninclude the conversion of vernal pools to
(Holland and Jain 1977, Holland 1978, Thorneagricultural and developed lands, heavy grazing
1984, Jones & Stokes Associates 1990). Vernal by cattle, and competition from introduced weedy
pools usually occur in troughs between the ridgesspecies that tend to displace it. (DFG 1992)
of a gently rolling or reticulated landscape, in the
depressions between small mounds in a landscapeBOGGS LAKE HEDGE-HYSSOP (Gratiola
dotted by "mima mounds", or on localized flats orheterosepala) is a small, semi-aquatic, herbaceous
steps in a seasonally wet swale. Some appear asannual in the figwort family (Scrophulariaceae).
isolated anomalies on ridge tops or flat terrain.It has opposite leaves, blunt, unequal sepals, and
Vernal pools vary in size f~om several yards toyellow and white flowers on short stalks. Boggs
well over 1 acre, but most range from severalLake hedge-hyssop is state endangered and
thousandths to a few tenths of an acre. The largestconsidered rare, threatened, or endangered in
vernal pools are really seasonal lakes, like OlcottCalifornia and elsewhere by CNPS (List 1B).
Lake at the Jepson Prairie Preserve in SolanoBoggs Lake hedge hyssop is found in Fresno,
County and Boggs Lake at the Boggs LakeLassen, Lake, Madera, Modoc, Placer,
Preserve in Lake County. Sacramento, Shasta, San Joaquin, Solano, and

Tehama counties and in Oregon. This species is
Vernal pools support a unique associated of plantfound in shallow waters or moist clay soils of
species. Some of the plants are restricted to vernalvernal pools and lake margins. Boggs Lake hedge
pools, while others occur primarily in vernal poolshyssop has undergone substantial habitat
but also occur in other seasonal wetland habitats,reduction from development and agricultural
Vernal pools are well known for their high level ofconversion. Current threats include agriculture,
endemism (Jain 1976) and abundance of rare,development, grazing, and ORV’s. Many
threatened, or endangered species (Skinner andoccurrences are on privately owned land. (DFG
Pavlik 1.994, Jones & Stokes Associates 1990). 1992)

SPECIES DESCRIPTION CONTRA COSTA GOLDFIELDS (Lasthenia
conjugens) is a showy spring annual in the aster

CoLUSAGrta, ssOVeostapfiacolusana) isapale family (Asteraceae) that grows 10 to 30

green annual member of the grass familycentimeters tall with opposite light green leaves.
(Poaceae), with several stems of loosely folded,Contra Costa goldfields is federally listed as

clasping leaves and thick terminal spikes ofendangered and is on CNPS list lB. The

flowers. Colusa grass is state listed as endangeredhistorical distribution of Contra Costa goldfields

and federally listed as threatened. It is consideredextended from Mendocino to Santa Barbara

rare, threatened, or endangered in California andCounties. Currently its distribution is limited to a
few locations in Solano and Napa Counties. It
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inhabits vernal pools and seasonally moist grassyspike of overlapping flower spikelets that emerge
areas. In the past, the species may have alsofrom the upper leaves. Crampton’s tuctoria is state
occurred in coastal prairies (Ornduff 1979). The and federally listed as endangered and CNPS list
decline of the Contra Costa goldfields has been1B. It occurs in only two counties Solano and
attributed to the loss of vernal pools byYolo. It grows in the clay bottoms of drying
development and agriculture. Continued threatsvernal pools and lakes. The Nature Conservancy
include urbanization and overgrazing, owns and protects a portion of the habitat at the

Jepson Prairie Preserve, but the plant has not been
LEG~.NERE (Legenere limosa) is a slender annual seen since 1987 at the preserve (DFG 1992).
that grows in wet margins of deep vernal pools.Threats to the two known occurrences include

Legenere is considered by the U.S. Fish andalternation of local drainage patterns that feed the
(USFWS) to a species pools, recreation, farmingWildlifeService be of off-roadvehicle local

concern and CNPS list lB. Historical distribution operations, and trampling by livestock. Roads and
of Legenere includes Lake, Napa, Placer,transmission corridors have also degraded the
Sacramento, San Mateo, Solano, Sonoma,habitat. Most of Crampton’s tuctoria habitat is
Stanislaus and Tehama Counties. It has nowprivately owned. The USFWS has prepared a
become extirpated from Sonoma and Stanislausrecovery plan for Crampton’s tuctoria which
Counties. At the Jepson Prairie Preserve it isprovides management recommendations (DFG
found in the bottom of hogwallow. Threats to this 1992).
species are primarily loss of vernal pools by
agriculture. Other threats include grazing andI’IF_ARTSe,~a.~= (Atriplexcordulata) is considered
development, by the USFWS to be a species of concern and

CNPS list lB. Distribution ofheartscale includes
~!~I~LKAd.I MILK-VETCH (Astragalus tener vat. Alameda, Contra Costa, Butte, Fresno, Glenn,
tener) fs rare, threatened, or endangered inKing, Kern, Madera, Merced, Solano, and Tulare
California and elsewhere by CNPS (List 1B). Counties and no longer occurs in San Joaquin,
Historical distribution of Alkali milk-vetch StanislausorYoloCounties(NDDB 1996).
includes Alameda, contra Costa, Merced,
Monterey, Napa, San Benito, San Francisco, San VISION
Joaquin, Solano, Sonoma, Stanislaus, and Yolo
Counties. Currently its distribution is Merced, The vision for Colusa grass is to maintain
Napa, Solano, and Yolo Counties. The primary populations of this federally listed threatened and
threat to this species is sheep and cattle grazing
(NDDB 1996).

State-listed endangered species.

The vision for Boggs Lake hedge-hyssop is to
DW/~RF I}OWNINGIA (Downingia pusilla) is maintain populationsof this State-listed
considered rare, threatened, or endangered in
California and elsewhere by CNPS (List 1B).

endangered species.

Dwarf downingia occurs in margins of vemalThe vision for Contra Costs goldfields is to
pools, swales. Distribution includes Merced,maintain populations of this federally listed
Mariposa, Napa, Placer, Sacramento, Solano,endangered species.
Sonoma, Stanislaus and Tehama Counties.
Threats to this species are ORV’s, grazing andThe vision for legenere is to maintain populations
development (NDDB 1996). of this California Native Plant Society List 1B

CR/MVIPTON’S TUCTORIA (Tuctoria mucronata)
plantspecies.

is a sticky, aromatic annual grass, with a dense
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The vision for alkali milkvetch is to contribute to | NTEGRATION WITH
the recovery of this California Native Plant
Society List 1B plant species. OTHER RESTORATION

PROGRAMS
The vision for dwarf downingia is to maintain
populations of this California Native Plant SocietyEfforts to restore seasonal wetlands would involve
List2 plant species, cooperation with other restoration programs,

The vision for Crampton’s tuctoria is to contribute
including:

to the recovery of this federally and State-listed"̄ Upper Sacramento River Fisheries and
endangered species. Riparian Habitat Council,

¯ California Department of Fish and Game
The vision for heartscale is to maintain wildlife areas,
populations of this California Native Plant Societȳ Jepson Prairie Preserve,
List2 species. ¯ Ducks Unlimited Valley Care Program,

¯ California Waterfowl Association,
The vision for vernal pool plant species is tō the Nature Conservancy,
provide protection for and enhance existinḡ U.S. Fishand Wildlife Service,
populations. Existing populations should bē Yolo County Habitat Conservation Plan,
protected through acquisition or cooperative¯ and Central Valley Habitat Joint Venture.
efforts with landowners, beginning with the
highest quality sites. Preservation and properTwo occurrences of Colusa grass are currently
management of all existing populations wouldprotected: the Solano County occurrence at the
ensure thelong-termviabilityofthespecies. ToNature Conservancy’s (TNC) Jepson Prairie
provide for proper management on protected sites,Preserve and the Flying M Ranch in Merced
research would be conducted to determine theCounty, where conservation easements protect
optimal conditions for the growth. For example,some of the large vernal pools. Heartscale occurs
on sites with a high cover of non-native species,with two other species dwarf downingia and
experimental burning and/or grazing would belegenere at the Nature Conservancy’s Jepson
conducted to determine if such treatments arePrairie Preserve.
beneficial for the species. Colusa grass’s response
to light and moderate grazing could also be
investigated. Research on reproduction and LINKAGE WITH OTHER
recruitment would be conducted to better ECOSYSTEM ELEMENTS
understand the species’ biology.

The vernal pool guild of plant species is linked
Following experimental research, habitatwith the restoration of vernal pool habitat.
management techniques to promote conditionsStressors that could effect these species include:
suitable for the growth and establishment wouldnon-native weedy grasses and grazing.
be implemented. This may include, but is not
limited to, reduction in grazing; use of prescribed
bums, restoration of winter flood/summer drought
regime; and removal of other stresses.

~ ~
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STRATEGIC OBJECTIVE, The targets for vernal pool special-status species
include identifying high-quality habitats and

TARGETS, AN D populations and restoration and reestablishment of

PROGRAMMATIC populations in order to maintain diversity and
ensure the sustainability of each species.

ACTIONS
¯ Protect existing habitat and restore and

~i~
The Strategic Objective is to reestablish vernal pool habitats within and
restore at-risk endemic vernal adjacent to existing ecological reserves.
pool plants.

¯ Implement restoration of habitat and
reintroduction of species historic sites inon
conjunction with long-term monitoring and

lONG-TERM OBdEILrI’IVE." Have self-sustaining maintenance of existing and newly established
populations of Colusa grass, Boggs Lake hedge- populations.
hyssop, Contra Costa goldfields, legenere, alkali
milk-vetch, dwarf downingia, Crampton’s ¯ Conduct reproduction and recruitment
tuctoria, and heartscale and similar declining research to better understand the species
endemic species located throughout their original biology.
native range in vernal pools associated with the
Bay-Delta estuary. ¯ Conduct site-based evaluation of populations

and develop criteria for ranking sites and
SNORT-TERM OBJECTIVE: Protect existing protection of high-quality sites.
populations of the species and restore habitat to
provide sites for expansion of all rare native
species that require vernal pool or other wetland REFERENCES
habitat.

Department of Fish and Game. 1992. Annual
I~TIONALE: The eight species listed here are report on the status of California State listed
examples of plants that are largely endemic to threatened and endangered animals and
vernal and other wetland plants. Sacramento, CA.pool areasthroughout
the Bay-Delta estuary and watershed. Restoration
of these species to the point where they were noHolland, R. F., and S. Jain. 1977. Vernal pools.
longer in danger of extinction would indicate that Pages 515-533 in M. E. Barbour and J. Major
major perennial grassland-vernal pool-wetland (eds.), Terrestrial vegetation of California.
restoration projects in the region had succeeded. John Wiley & Sons. New York, NY.

STAGE 1 EXPECTATIONS: The status of the Holland, R.F. 1978. The geographic and edaphic
eight species listed here will have improved, distribution of vernal pools in the Great
Surveys of present ranges of the species (and Central Valley, California. (Special
other rare vernal pool plants), studies of their Publication No. 4.) California Native Plant
ecological requirements, and identification of key Society. Berkeley, CA.
restoration sites will have been completed. On-
going marsh restoration projects in the Bay-DeltaJain, S. 1976. Some biogeographic aspects of
will have been evaluated according to their plant communitiesinvernalpools. Pages 15-
success at restoring rare native plant species and 21 in S. Jain (ed.), Vernal pools: their
lessons learned applied to new projects, ecology and conservation. (Institute of

~_ ~
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Ecology Publication No. 9.) University of
California. Davis, CA.

Jones & Stokes Associates, Inc.    1990.
Sacramento County vernal pools: their
distribution,    classification, ecology, and
management. (JSA 89-303.) Sacramento,
CA. Prepared for Sacramento County
Planning and Community Development
Department, Sacramento, CA.

Natural Diversity Data Base (NDDB). 1996.
Record search for occurrence of Neostapfia
colusana, Gratiola heterosepala, Lasthenia
conjugens, Legenere limosa, Astragalus tener
var. tener, Downingia pusilla, Tuctoria
mucronata, and Atriplex cordulata.
California Department of Fish and Game,
Sacramento, CA.

Ornduff, R. 1979. Unpublished status report on
Lasthenia conjugens. California Native Plant

Society, Sacramento, CA.

Skinner, M. W., and B. M. Pavlik. 1994.
Inventory of rare and endangered vascular
plants in California. 5th edition. (Special
Publication No. 1.) California Native Plant
Society. Sacramento, CA.

Thorne, R. F, 1984. Are California’s vernal
pools unique? Pages 1-8 in S. Jain and P.
Moyle (eds.) Vernal pools and intermittent
streams. (Institute of Ecology Publication No.
28.) University of California. Davis, CA.
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I
I N I.~N D D u N E SPECIAL- Delta has been lost to conversion to agriculture,

sand mining, and industrial development. Present

I STATUS PLANT SPECIES threats include competition for water with ripgut
brome (Bromus diandrus) and recreational and

INTRODUCTION fire control activities. The recent trend for

I Antioch Dunes evening-primrose is one of

Inland dunes are ektremely limited to the Delta,stability, but its total population size and

occurring only in the vicinity of the Antiochdistribution is still very limited (DFG 1991).

I Dunes Ecological Reserve. This habitat supports
two plant and one butterfly species listed asCONTRA COSTA WALLFLOWER. Contra Costa

endangered under the federal Endangered Specieswallflower, a member of the mustard family

I Act. Both plants are State-listed endangered(Brassicaceae), is a coarse-stemmed, erect,

species. Visions are provided here for the twoherbaceous biennial herb with yellowish-orange

plant species, Antioch Dunes evening-primroseflowers. Contra Costa wallflower is state and

I (Oenothera deltoides ssp. howellii) and Contra federally listed as endangered and is also on

Costa wallflower (Erysimum capitatum var. CNPS’s List lB. Contra Costa wallflower co-

angustatum), occurs with Antioch Dunes evening-primrose at

I the Antioch Dunes NWR, and is known from only
2 occurrences at the Antioch Dunes. It is

SPECIES DESCRIPTIONS threatened by factors similar to those affecting

I Antioch Dunes evening primrose. The wallflower
ANTIOCH DUNES EVENING-PRIMROSE. population is surveyed annually and has shown
Antioch Dunes evening-primrose is a showy,considerable increase since 1978 (DFG 1991).
white-flowered, highly branched perennial herb

I with grayish toothed or divided leaves. It is a VISIONmember of the evening primrose family
(Onagraceae). Antioch Dunes evening-primrose

I is both state and federally listed as endangered.The vision for Antioch Dunes evening-primrose is

Additionally, this species is considered rare,to recover this federally andState-listed

threatened, or endangered in California andendangered species.

I elsewhere by the California Native Plant Society
(CNPS) (List 1B). Antioch Dunes evening- The vision for Contra Costa wallflower is to

recover this federally and State-listed endangeredprimrose is endemic to loose sand and stabilized

I dunes near river margins in the vicinity ofspecies.

Antioch. It is known from only 7 occurrences
(Skinner and Pavlik 1994). Most remaining plantsThe overall vision for both species is to protect

I occur at the Antioch Dunes National Wildlifeexisting populations and ensure the long-term

Refuge. In 1992, the population size of thisviability of the species through habitat restoration,
species at 2 disjunct sites on the Antioch Dunes      enhancement, and appropriate management.

I was only 1,200 plants (Greene 1994). Attempts Effective management techniques would be

have been made to inlroduce the species to severaldeveloped and employed to protect existing

other locations with remnant dunes, includingpopulations. Existing knowledge acquired

I Brannan Island State Recreation Area in Rioprimarily at the Antioch Dunes Refuge would

Vista. Antioch dunes evening-primrose evolvedserve as a basis of establishing effective

from desert flora which occupied the sand dunesmanagement techniques. Prescribed burning is an

I of the Sacramento Valley 5,000 to 8,000 years ago example of a management technique that has been

(Green 1994). In recent times, dune habitat in thesuccessful in promoting Antioch Dunes evening-

~1 ~cu.~
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primrose colonization. Controlling non-nativē U.S. Fish and Wildlife Service,
competitors would also be an element of on-going
management for the species. One study showed̄ U.S. Army Corps of Engineers, and
that removal of ripgut brome near adult Antioch
Dunes evening-primrose plants increased seedlinḡ the Delta Protection Commission.
germination (Greene 1994).

LINKAGE WITH OTHER
Establishing additional populations would greatly
increase the recovery potential for Antioch Dunes ECOSYSTEIVI ELEMENTS
evening-primrose and Contra Costa wallflower.
To promote the expansion of the species, historicAntioch Dunes evening-primrose and Contra
inland dunes adjacent to existing ecologicalCosta wallflower are linked with a habitat
reserves in the Sacramento-San Joaquin Deltaecosystem element, inland dune scrub. These
Ecological Zone would be reestablished andspecies and habitat elements are closely associated
species establishment promoted. Sand dunewith each other and are limited to the area near the
creation techniques developed at the AntiochAntioch Dunes Ecological Reserve. Non-native
Dunes would be employed. Protecting andplant species are stressors that compete with
restoring inland dune scrub that serves as habitatAntioch Dunes evening-primrose and Contra
for Antioch Dunes evening-primrose and ContraCosta wallflower for habitat.
Costa wallflower would be enhanced by
identifying areas that are not currently managed STF~!~TEGIC O BJ ECTIVE,
for their resource values. Appropriate methods to
protect and restore identified areas would be TARGETS. AND
developed. Protected habitat areas would be PROGRAMMATIC
evaluated to determine effective restoration ACTIONSmanagement practices to increase habitat value.
The results of these evaluations would determine
how habitat for Antioch Dunes evening-primrose The Strategic Objective is to
and Contra Costa wallflower would be protected restore at-risk inland dune
and restored, special status plants.

INTEGRATION WITH

OTHER RESTORATION LONG-TERM OBJECTIVE-" Establish additional
self-sustaining populations of Antioch Dunes

PROGRAMS                  evening-primrose and Contra Costa wallflower
and similar declining endemic species located

Efforts to restore habitat for Antioch Dunesthroughout their original native range in the
evening-primrose and Contra Costa wallflowervicinity of Antioch Dunes.
will involve cooperation with programs managed
by the Antioch Dunes National Wildlife Refuge. SHOm’-TERM OBJECTIVE: Protect existing
Cooperation from agencies with responsibility orpopulations of the species and restore habitat to
authority for restoring inland dune habitat will beprovide sites for establishing addition self-
solicited. These include: sustaining populations.

¯ California Department ofFish and Game, RATIONALE: The two species listed here are
examples of plants that are endemic to Antioch

¯
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-I Dunes. Restoration of these species to the point REFERENCES
where they were no longer in danger of extinction

~1 would indicate that dune restoration and
protection projects in the region had succeeded. Department of Fish and Game. 1991. Annual

Report on the Status of California State Listed
Threatened and Endangered Animals andI STAGE I EXPECTATIONS-" The status of the Plants. Sacramento, CA.two species listed here will have improved.

Surveys of present ranges of the species, studies
Greene, Jule A. 1994. Rancho Santa Ana BotanicI oftheir ecological requirements, and identification Garden Supports Research on Endangered

of key restoration sites will have been completed. Oenothera(Onagraceae). Plant Conservation.
Vol 8(2). pp. 6-7.I The. general target for the inland dune special-

status plant species is to establish and protect aSkinner, Mark W. and Bruce M. Pavlik. 1994..large enough number of populations of each CalifomiaNative Plant Society’s Inventory ofI species to maintain genetic diversity, prevent Rare and Endangered Vascular Plants ofspecies extinction from localized catastrophic California. Publication No. 1. Fifth edition.
occurrences, and promote the sustainability of California Native Plant Society. Sacramento,

I each species. CA.

The following actions would contribute toDepartment ofFish and Game. 1991. Annual

I improving the inland dune special-status plant Report on the Status of California State Listed
species populations: Threatened and Endangered Animals and

Plants. Sacramento, CA.

i ¯ Develop appropriate methods to protect and
restore habitat and populations of the inlandCalifornia Department of Fish and Game 1992 -
dune special-status plant species. CALFED Bay-Delta Program Special Status

I Plants and Animals Draft Affected¯ Manage protected areas occupied by the Environment Technical Report (Appendix A.
inland dune special-status species to reduce Federally Listed Plants and Animals) Sept. 23,disturbance of dunes and dune vegetation.I 1996

¯ Manage protected areas occupied by theNiehaus 1977- CALFED Bay-Delta Program

I species to promote conditions favorable for Special Status Plants and Animals Draft
the establishment, growth, and vigor of the

Affected Environment Technical Report
species. Include management techniques such (Appendix A. Federally Listed Plants and
as prescribed burning and exotic weed

I control.
Animals) Sept. 23, 1996

Stone, R.D., G.L. Clifton, W.B. Davilla, J.C.¯ Acquire historic inland dunes adjacent to          Stebbins, and D.W. Taylor.     1987.

I existing ecological reserves and reestablish Endangerment status of the grass tribe
dune habitat and inland dune special-status Orcuttieae and Chamaesyce hooveri
species populations. (Euphorbiaceae) in the Central Valley of

I California.
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I VALLEY ELDERBERRY LONGHORN BEETLE
i

INTRODUCTION               Protecting existing and restoring additional
suitable riparian habitats and establishing new .

I The beetle populations will be critical to recovery of thevalleyelderberrylonghorn (VELB)is
a federally listed threatened species associatedVELB in the Bay-Delta. Restoration of riparian

with riparian habitats. The distribution andhabitats in the Sacramento-San Joaquin Delta
I populations of this species has declinedEcological Management Zone will help maintain

substantially, primarily as a result of the loss orhealthy populations by increasing the quality and
degradation of habitat within its range. The lossquantity of habitats used by these species.

I of habitat and declining condition of these species
populations have warranted their listing asThe period required to achieve recovery of the
threatened or endangered under the federalVELB could be reduced by introducing the

I Endangered Species Act. species into unoccupied or restored habitat areas.
Such a strategy could be implemented through

Major factors that limit this resource’scooperative agreements .with land management

I contribution to the health of the Delta are relatedagencies or cooperative agreements with willing
to adverse effects of conversion of native habitatslandowners. The VELB would also benefit from
for agricultural, industrial, and urban uses, anddevelopment and implementation of alternative

I land and water management practices that degradedesigns for and maintenance of flood control,
habitats used by these species, bank protection, and other structures that reduce

their potential adverse effects on existing riparian

I RESOURCE DESCRIPTION habitats.

Restoration of ecosystem processes and habitats in
VELB has been found only in association with itsother ecological management zones will also

I allow riparian vegetation to develop that willhost plant, elderberry ( Sambucus spp.).
Elderberry is a component of the remainingprovide habitat for these species elsewhere in the
riparian forests and adjacent grasslands of theCentral Valley. The benefit of these restorationsI for recovery of the VELB would be increased byCentralValley. Entomologistsestimatethatthe
range of this beetle extends from Redding at theimplementing restoration of riparian habitats in a
northern end of the Central Valley to themanner that links isolated areas supportingI Bakersfield area in the south. Important stressorsexistingVELB populations.
on VELB are fragmentation of riparian habitat;
grazing; and excessive collection of the species

I for commercial, recreational, scientific, or INTEGRATION WITH
educational purposes. Local populations can also OTHER RESTORATION
be severely damaged by pesticides inadvertently PROGRAMSI drifting from nearby agricultural lands into
occupied habitat areas.

There are a number of programs that involve these

I VISION
species:

¯ U.S. Fish and Wildlife Service,
The vision for VELB is to assist in the recovery of

I the VELB by increasing its populations and
abundance through habitat restoration.
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¯ Califomia Department of Fish and Gamepopulations are poorly understood. These beetles
(DFG), depend on elderberry bushes for breeding and

rearing of young and will sometimes occupy
¯ California State Parks and Recreation, bushes growing in degraded habitat (e.g., levees).

Presumably, its populations will respond
¯ Riparian Habitat Joint Venture. positively to riparian restoration projects in the

Central Valley and Delta.

LINKAGE WITH OTHER
STAGE 1 EXPECTATIONS: A program will have

ECOSYSTEM ELEMENTS been developed to minimize clearing of levees or
additional habitats will have been developed to

Restoration of these species is integrally linkedoffset levee maintenance practices and existing
with restoration of seasonal wetland, riparian,habitat will have been maintained.A
inland dune, perennial aquatic, and grasslandcomprehensive study will have been completed to
habitats in the Central Valley and are adverselylocate populations of the beetle and assess their
influenced by the detrimental effects of invasivepopulation size. A program will have been
plant species, implemented to maintain existing habitat and plant

new elderberry bushes where possible, particulary

STRATEGIC OBJECTIVE, in conjunction with the restoration or riparian and

TARGETS. AN D
riverine aquatic habitats.

PROGRAMMATIC The following general targets will assist in

ACTIONS
meeting the Strategic Objective:

¯ Increase the numbers and distribution of

~
The Strategic Objective is to valley elderberry longhorn beetle.
increase and maintain valley
elderberry longhorn beetle The following general programmatic actions will
habitat, assist in meeting the targets:

LONG-TERM OBJECTIVE: Restore riparian ¯ Protect and restore wetland, riparian, and

habitat throughout the Central Valley that includes grassland habitat.

components (i.e., elderberry thickets) suitable for
populations of valley elderberry beetle throughout̄ Implement control measures to eradicate

its native range, invasive plant species.

SHORT-TERM OBJECTIVE: Contribute to ¯ Reduce land and water management practices

recovery of this species as defined in the Valley that degrade habitats used by these species.

Elderberry Longhorn Beetle Recovery Plan (U.S.
Fish and Wildlife Service 1984) by restoring REFERENCE
habitat for the species in riparian restoration
projects in its native range where feasible. U.S. Fish and Wildlife Service. 1984. Recovery

plan for the valley elderberry longhorn beetle.
RATIOI~I.E: The valley elderberry longhorn
beetle is a federally listed threatened species,
although its status and factors limiting its

[]
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¯ AT-RISK NATIVE SPECIES (PRIORITY GROUP III)

!
INTRODUCTION ¯ Sacramento perch

I The Strategic Plan for Ecosystem Restoration Greatersandhillcrane

presents 6 goals to guide the implementation of̄
Western yellow-billed cuckoo

I restoration actions during the 20-30 year program.
The first Strategic Goal focuses on at-risk specieg¯ Bank swallow

I GOAL 1: Achieve native ¯ Western least bitternrecoveryof at-risk
species dependent on the Delta and Suisun
Bay as the first step toward establishing ¯ Least Bell’s vireo

I large, self-sustaining populations of these
species; support similar recovery of at-risk ¯ California yellow warbler
native species in San Francisco Bay and the
watershed above the estuary; and minimize ¯ Little willow flycatcher
the need for future endangered species
listings by reversing downward population ¯ Giant garter snake

I trends of native species that are not liste~L
Californiatigersalamander

i Because there are so many species covered under
¯ Western spadefoot

this goal, they have been divided into four groups
in terms of priority for CALFED attention. Many ¯ California red-legged frog

I are "at-risk" species, which are in danger of
extinction if present trends continue.

¯ Native anuran amphibians

¯ Western pond turtleI THIRD PRIORITY SPECIES are at-risk species
that primarily live upstream of the estuary or in̄

Delta green ground beetleSan Francisco Bay for which CALFED will

I contribute to their recovery. Lange’smetalmark

The objectives and expectations for this goal arē
California freshwater shrimpI narrowly aimed, for the most part, on actions that

benefit individual at-risk species. In the short run,
this is appropriate because ecosystem restoration
requires that we keep all the pieces around for the
rebuilding process.

I Species in Priority Group III include:

¯ Riparian brush rabbit

I ¯ San Joaquin Valley woodrat
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¯
¯ 4, RIPARIAN BRUSH RABBIT

These floodplain riparian forests must be attached
to suitable upland areas for cover and retreat from

I annual floods. Historically, this species’ habitat
was throughout the floodplain on the valley floor
in northern San Joaquin Valley, including the

I Delta, but the original forest and floodplain have
~ " , " .... ; ~(~:..-. been reclaimed, cleared, altered, and degraded.

I .... o~ ,~-~ :~., The remnant population of riparian brush rabbit is
. : now restricted to 198 acres of remaining native

riparian forest along the Stanislaus River in

I . --:~" ¯ .... ~,~ Caswell Memorial State Park in southern San
¯ "’~ ’";:~?: :~"~" .......... Joaquin County in the East San Joaquin Basin

Ecological Management Zone. It is considered
the most sensitive mammal in California because

INTRODUCTION of its susceptibility to floods, fire, disease,
predation, disturbance, and flood control

I The riparian brush rabbit is associated withactivities. The large-scale loss of riparian forest
has resulted in over a 99% decline in the riparianriparian habitats of the Central Valley floodplain.

It has been eliminated from the Delta from loss ofbrush rabbit population from historical levels. A

I riparian habitat. Elsewhere, the population andpopulation census conducted during January 1993,

distribution of this species have declinedfound that the population size ranged from about
210 to 310 individuals. Subsequent surveyssubstantially, primarily as a result of the loss or

I degradation of its habitat. The loss of habitat andfollowing the January 1997 flood indicate that this

declining populations have warranted its listing asspecies may be close to extinction. No brush
rabbits were trapped in 22 nights of trappingendangered under the California Endangered

I Species Act. between April 21 and May 30, 1997.

The major factor that limits this resource’sOverall, the decline of the riparian brush rabbit

I contribution to the health of the Delta is related towas caused by the destruction, fragmentation, and

adverse effects of the historical loss anddegradation of the San Joaquin Valley native

degradation of the mature riparian forests, on       riparian forest habitat. Less than 6% of the

i which the riparian brush rabbit depends, in theoriginal habitat remains. Remaining suitable

Delta and San Joaquin River floodplain, habitat is so severely fragmented that the rabbit
has no means of naturally dispersing to other areas
and establishing additional populations. BecauseI RESOURCE DESCRIPTION the brush rabbitremainingriparian population
occurs within one small area, any of the following

The remaining population of riparian brush rabbitevents threaten the remaining population:
I is restricted to remnant San Joaquin Valley

riparian forests with dense brushy understory.̄ Caswell Memorial State Park is subject to
Unlike other rabbits, the riparian brush rabbit periodic flooding that often inundates the

I occupies riparian forests that have an ample entire area. Without adequate cover on
brushy understory within natural floodplains.
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adjacent upland areas, the rabbits become easysuitable restored habitat-. A healthy, brushy
targets for both native and non-native predators, understory would contain:

¯ The normal buildup of downed logs, dried ¯ wild rose,
vegetation, and ground litter in the riparian
forest increases the potential severity of̄ blackberries,
wildfires. Although this type of habitat is
preferred and typically occupied by the ¯ elderberries,
riparian brush rabbit, any wildfire occurring
within the remaining habitat could causē wild grape,
direct mortality as well as massive habitat
destruction. ¯ a buildup of downed logs,

¯ Human activities have modified the habitat.̄ . dried vegetation, and
The modified habitat has "selected" against
the riparian brush rabbit and for the desert¯ ground litter.
cottontail. The desert cottontail presents two
threats: one from competition and the otherRestoring riparian habitat in the East San Joaquin
from diseases common to rabbits and carriedBasin Ecological Management Zone to expand the
by the species. These diseases are typicallyarea of suitable riparian brush rabbit habitat
contagious and fatal; any disease becomesadjacent to occupied habitat along the Stanislaus
epidemic in this small and restrictedRiver will help to protect and allow the existing
population of rabbits, population of brush rabbits to expand.

Establishing additional populations within the
riparian brush rabbit’s historical range in theVISION
Sacramento-San Joaquin Delta Ecological

The vision for the riparian brush rabbit is to       Management Zone would help to avoid potential
speciesextinction. To ensure the survivalofcontribute to the recovery of this federally

proposed and State-listed endangered species inintroduced populations, newly occupied habitat

the Bay-Delta through improvements in riparianareas should be suitable only for the riparian brush
rabbit. That would reduce the likelihood ofhabitat andreintroduction toits formerhabitat.
disease transmission from the desert cottontail.

Restoring suitable mature riparian forest,Hunting regulations should be modified to

protecting and expanding the existing population,preclude hunting of rabbits and hares in and near

and establishing new populations will be critical toreintroduction sites to limit the harvest of riparian

the recovery of the riparian brush rabbit,brush rabbits until the species has recovered.

Restoration of riparian habitats in the South Delta
Ecological Management Unit oft he Sacramento- | NTEGRATION WITH
San Joaquin Delta Ecological Management Zone OTHER RESTORATION
and the East San Joaquin Basin Ecological
Management Zone and adjacent upland plant PROGRAMS
communities will help the recovery of this species
by increasing habitat area and providing refugeA draft San Joaquin Recovery Plan has been
from flooding. Mature riparian forests with adeveloped which contains specific measures for
brushy understory and adjacent upland habitatthe riparian brush rabbit. Resources agencies
with sufficient cover during flooding would behave identified Christman Island, part of the San

Joaquin River National Wildlife Refuge, as
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possessing the greatest potential for providingRATIOI~a,I.E: The riparian brush rabbit a distinct
habitat needed by the riparian brush rabbit. Thesubspecies of cottontail rabbit that historically
agencies also agreed to continue work to identifylived in riparian areas along the San Joaquin River
one or more other sites on public property alongand Delta. It is listed an endangered by the State
the San Joaquin River in Merced County forof California and has been proposed for federal
restoration and reestablishment of a thirdlisting. It currently exists as one tiny remnant
population of the riparian brush rabbit. Thepopulation in Caswell State Park that is in
California Department ofFish and Game and thecontinuous threat of extinction. It has declined
U. S. Fish and Wildlife Service should continuebecause of the loss of riparian habitats and the
the interagency coordination and commitmentconversion of adjacent upland habitats to
necessary to halt the further loss and deteriorationcropland. This species requires high ground, with
of habitat and begin restoration and preservationextensive cover that it can move to when its
of suitable habitat deemed essential to maintainingprimary riparian habitat floods. Due to the
the subspecies in perpetuity, possibility of being extirpated by floods and

wildfires it is important to develop other

lINaGE ~/ITH OTHER self-sustaining populationsrestore riparianand
areas. Develop more brush habitat within the park

I~COS’~�’STEI~I I~/EI~iENTS to allow for good coverage and areas of minimal

Restoration and protection of riparian brush rabbit
disturbance.

is integrally linked with restoration of riparianSTAGE 1 EXPECTATIONS." The existing
forests and adjacent grasslands and reduction inpopulation will have been protected from further
wildfires and human disturbance in the northerndecline by protecting the species from seasonal
San Joaquin Valley and the Delta. flooding. More brushy riparian habitat within

Caswell State Park will have been developed to

STRATEGIC OBJECTIVE, provide good cover and areas of minimal
disturbance. An inventory of potential restoration

TARGETS, AN D sites will have been completed and work begun on
PROGRAMMATIC making them suitable for brush rabbit

reintroduction. Due to low population numbers,ACT ION S the benefits and detriments of a captive breeding
program will have been evaluated and

The Strategic Objective is to implemented if the resource agencies find that
restore riparian brush rabbit captive breeding will prevent extinction of the
throughout its historical range, species during the period that habitat is being

restored.

LONG-TERM OBJECTIVE: Recover brush
The following general targets will assist in
meeting the implementation objective:

rabbit populations to the point where the species
can removed from the state endangered species Increaseabundancein remainingpopulation.
list.

¯ Increase the number of rabbit populations
SHORT-TERM OBJECTIVE: Establish five
additional self-sustaining populations of riparian̄ Investigate the health of riparian brush rabbits
brush rabbits along the San Joaquin River and in in the existing population to determine the

effect of non-native rabbit populations, if any,theDelta.
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and take measures to improve their health if Department of Fish and Game, Wildlife
necessary. Management Division, Nongame Bird and

Mammal Section Report No. 93-12, 23 pp.
The following general programmatic actions willStrategic Plan for Ecosystem Restoration. 1999.
assist in meeting the targets: Appendixto the CALFED Bay-Delta Program

Environmental     Impact     Statement
¯ Expand the amount of riparian forest in the /Environmental Impact Report. June 1999.

northern San Joaquin Valley and the Delta.
Williams, D.F. 1986. Mammalian species of

¯ Increase the amounts of specific habitat special concern in California. California
features needed by rabbits in riparian forests Department of Fish and Game, Wildlife
where the existing population occurs or where Management Division Administrative Report
introduced. No. 86-1, 112 pp.

¯ Expand the amount of upland habitat adjacent 1993. Population census of
to riparian habitat where the existing Riparian Brush Rabbits and Riparian
populations occurs or to where new Woodrats at Caswell Memorial State Park
populations will be introduced, during January 1993. California Department

of Parks and Recreation, Inland Region, and
¯ Manage existing and new habitats to reduce U.S. Fish and Wildlife Service San Joaquin

potential threat of wildfire and human Valley Endangered Species Recovery
disturbanceincludinghunting. Planning Program, Fresno, 15 pp.

¯ Control predators and non-native competitors
where populations exist or will be introduced.
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i
#. SAN JOAQUIN VALLEY WOODRAT

that have an ample brushy understory within
" .’~:"~’~ "’.~" ,-’~"" natural floodplains. These floodplain riparian

v,.~:, forests must be attached to suitable upland areas
~r for cover and retreat from annual floods.
~ . ~ Historically, this species’ habitat was throughout

I +!~’z:..~ the floodplain on the valley floor in northern San
Joaquin Valley, including the Delta, but the
original forest and floodplain have been

I reclaimed, cleared, altered, and degraded.

The remnant population of San Joaquin Valley

I woodrat is now restricted to 198 acres of
remaining native riparian forest along the
Stanislaus River in Caswell Memorial State Park

I and possibly on private property directly across
from the Park in southern San Joaquin County in
the east San Joaquin Basin Ecological

I Management Zone. It is considered a sensitive
|NTRODUCTION mammal because of its susceptibility to floods,

fire, disease, predation, disturbance, and flood
The San Joaquin Valley woodrat is associated control activities. The large-scale loss of riparianI forest has resulted in a substantial decline in thewith riparian habitatsof the Central Valley
floodplain. It has been eliminated from the Delta woodrats’ population from historical levels.
due to loss of riparian habitat. Elsewhere, the

I population and distribution of this species has the decline of the SanOverall, JoaquinValley
declined substantially, primarily as a result of the woodrat was caused by the destruction,
loss or degradation of its habitat. The loss of fragmentation, and degradation of the San JoaquinI habitat and declining populations have warranted Valley native riparian forest habitat. Less than 6%
its listing as a California Special Concern species, of the original habitat remains. Remaining

suitable habitat is so severely fragmented that the

I The major factor that limits this resource’s woodrat has no means of naturally dispersing to
contribution to the health of the Delta is related to other areas and establishing additional
adverse effects of the historical loss and populations. Because theremainingSanJoaquin

I degradation of the mature riparian forests, on Valley woodrat population is known to occur
which the San Joaquin Valley woodmt depends, in within one small area, any of the following events
the Delta and San Joaquin River floodplain, threaten the remaining populations:

RI=SOURCl= [~I=SCRIPTION ¯ Caswell Memorial State Park is subject to
periodic flooding that often inundates the

I The remaining population of San Joaquin Valley entire area. Without adequate cover on

woodrat is restricted to remnant San Joaquin adjacent upland areas, the woodrats become

Valley riparian forests with dense brushy easy targets for both native and non-native

I understory. Unlike other woodrats, the San predators.

Joaquin Valley woodrat occupies riparian forests

i
~ cau’~
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¯ The normal buildup of downed logs, dried Restoring riparian habitat in the East San Joaquin
vegetation, and ground litter is the riparianBasin Ecological Management Zone to expand
forest increases the potential severity ofthe area of suitable San Joaquin Valley woodrat
wildfires. Although this type of habitat ishabitat adjacent to occupied habitat along the
preferred and typically occupied by the SanStanislaus River will help protect and allow the
Joaquin Valley woodrat, any wildfire existing population of woodrats to expand.
occurring within the remaining habitat couldEstablishing additional populations within the San
cause direct mortality as well as massiveJoaquin Valley woodrat’s historical range in the
habitat destruction. Sacramento-San Joaquin Delta Ecological

Management Zone would help to avoid potential
¯ Human activities have modified the habitat,species extinction. To ensure the survival of

The modified habitat has "selected" againstintroduced populations, newly occupied habitat
the San Joaquin Valley woodrat, areas should be suitable only for the San Joaquin

Valley woodrat and the riparian brush rabbit.
VISION

INTEGRATION WITH
The vision for the San Joaquin Valley woodrat is OTHER RESTORATION
to contribute to the recovery of this federally
proposed endangered species through PROGRAMS
improvement in its habitat to contribute to the
overall species richness and diversity. AchievingA draft San Joaquin Recovery Plan has been
this vision will reduce conflict between protectiondeveloped which contains specific measures for
for this species and other beneficial uses of landthe riparian brush rabbit which also would benefit
and water in the Bay-Delta. the San Joaquin Valley woodrat. Resource

agencies have identified Christman Island, part of
Restoring suitable mature riparian forest,the San Joaquin River National Wildlife Refuge,
protecting and expanding the existing population,as possessing the greatest potential for providing
and establishing new populations will be criticalhabitat needed by the riparian brush rabbit. The
to the recovery of the San Joaquin Valleyagencies also agreed to continue work to identify
woodrat. Restoration of riparian habitats in theone or more other sites on public property along
South Delta Ecological Management Unit of thethe San Joaquin River in Merced County for
Sacramento-San Joaquin Delta Ecologicalrestoration and reestablishment of a third
Management Zone and the East San Joaquinpopulation of the riparian brush rabbit; both of
Basin Ecological Management Zone and adjacentthese efforts would also benefit the San Joaquin
upland plant communities will help the recoveryValley woodrat. The California Department of
of this species by increasing habitat area andFish and Game and the U.S. Fish and Wildlife
providing refuge from flooding. Mature riparianService should continue the interagency
forests with a brushy understory and adjacentcoordination and commitment necessary to halt
upland habitat with sufficient cover duringthe further loss and deterioration of habitat and
flooding would be suitable restored habitat. Abegin restoration and preservation of suitable
healthy, brushy understory would contain: wildhabitat deemed essential to maintaining the
rose, blackberries, elderberries, wild grape, asubspecies in perpetuity.
buildup of downed logs, dried vegetation, and
ground litter. There are a number of programs that involve these

species:
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I          ¯ U.S. Fish and Wildlife Service,                 SHORT-TERM OBJECTIVE: Increase the
population sizes along the San Joaquin River in

I ¯ California Department of Fish and GameStanislaus, Merced, and San Joaquin counties to
(DFG), the point where the woodrat will no longer be

regarded as threatened.

I ¯ Califomia State Parks and Recreation,
I~TIONm.E: The San Joaquin Valley woodrat

¯ Riparian Habitat Joint Venture. is a riparian-dwelling species whose distribution

i and ecology is poorly understood, but it

LINKAGE WITH OTHER apparently is confined to riparian areas in the San
Joaquin Valley. It has been proposed for federal

I ECOSYSTEM ELEMENTS endangered status and is a state Species of Special
Concern. Because this population is known to

Restoration and protection of the San Joaquinexist in such a limited area in which most riparian

I Valley woodrat is integrally linked withhabitat has been degraded, its long-term survival
restoration of riparian forests reduction inis likelytodependupon creation ofmoreriparian
wildfires and human disturbance in the northernhabitat along the San Joaquin River, especially in

i San Joaquin Valley and the Delta. Stanislaus, Merced, and San Joaquin counties.
Any additional loss of habitat would have a

The San Joaquin Valley woodrat is associatedsignificant negative impact on this species.

i with the riparian brush rabbit in the riparian
forests of the upper San Joaquin Valley. TheSTAGE 1 EXPECTATIONS: A thorough survey
historic range of this subspecies is nearly identicalof all riparian areas in the San Joaquin Valley will

i to that of the riparian brush rabbit. Presumably,have been undertaken, both to identify the extent
suitable habitat restoration, expansion, andof existing populations and to identify habitats that
preservation for the San Joaquin Valley woodratwould be good restoration sites for the woodrat
will also benefit the riparian brush rabbit, and other riparian species. All precautions willi have been taken to protect the existing populations

STRATEGIC OBJECTIVE, from further decline.

I The following general targets will assist inTARGETS. AND
PROGRAMMATIC meeting the implementation objective:

I ¯ Increase abundance in remaining population.ACTIONS

~_
The Strategic Objective to ¯ Increase the number of woodrat populations.

I restore San Joaquin Valley
woodrat to the full extent of its ¯ Increase the health of woodrats in the
habitat, populations.

I
LONG-TERM OBJECTIVE-" Establish San The following general programmatic actions will

Joaquin Valley woodrat populations in riparianassist in meeting the targets:

I areas throughout its former range along the San
Joaquin River. ¯ Expand the amount of riparian forest in the

northern San Joaquin Valley and the Delta.

!
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¯ Increase the amounts of specific habitatWilliams, D.F. 1986. Mammalian species of
features needed by woodrats in riparian special concern in California. California
forests where the existing population occurs Department of Fish and Game, Wildlife
or where introduced. Management Division Administrative Report

No. 86-1, 112 pp.
Expand the amount of upland habitat adjacent
to riparian habitat where the existing 1993. Population census of

. populations occur or to where new Riparian Brush Rabbits and Riparian
populations will be introduced. Woodrats at Caswell Memorial State Park

during January 1993. California Department
¯ Manage existing and new habitats to reduce of Parks and Recreation, Inland Region, and

potential threat of wildfire and human U.S. Fish andWildlife Service San Joaquin
disturbance including hunting. Valley Endangered Species Recovery

Planning Program, Fresno, 15 pp.
¯ Control predators where populations exist or

will be introduced.
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I
� SACRAMENTO PERCH

I
RESOURCE DESCRIPTION

Prior to development, Sacramento perch inhabited
much of the Central Valley with sloughs, sluggish

i rivers, and lakes in the valley floor as their
primary habitats. Sacramento perch evolved with
the ability to withstand high turbidities, high
temperatures, and high salinities and alkalinities,I all in the waters of the Centralrelativelycommon
Valley (Moyle 1976).

I Like other aquatic species, Sacramentomany
SacramentoPerch

perch were likely affected by the construction of
levees, the draining of overflow "swamp lands",

I and general loss of historic habitat. During thisI NTRODUCTION
period, sunfishes from the eastern United States

The Sacramento perch evolved in the Central      were introduced in to the Central Valley as well as
I Valley and is the only native sunfish in Californiacatfishandcarp. All of theseintroducedspecies

and the only sunfish to evolve west of the Rockywere more aggressive than the native Sacramento

Mountains (Moyle 1976). As a result of its perch and the resulting interspecific competition

I of from other for food and space contributed to the populationisolationand lack competition
decline. In addition, these introduced species wererelated species, it has retained many primitive

structural and behavioral features. Given itsable to consume Sacramento perch eggs as the

I historical lack of competition, it is not surprisingeggs were undefended by adult perch.

that Sacramento perch have virtually disappeared
from its native habitat following the introduction VISION

I of a variety of sunfishes from the eastern United
States. The vision for the Sacramento perch is to

contribute to the recovery of this California

I Between 1888 and 1899, 40,000 to 432,000 species of special concern and contribute to the
pounds of Sacramento perch were sold annually inoverall species richness and diversity. Achieving
San Francisco. Sacramento perch are very rarethis vision will reduce conflict between protection

I today in the Delta. The decline, however, isfor this species and other beneficial uses of land
probably not linked to harvest, but to three majorand water in the Bay-Delta.
stressors: habitat alteration or destruction,

I interspecific competition, and egg predation. ] NTEGP TION WITH

Sacramento perch are listed as a Califomia species OTHER RESTORATION
I of special concern. PROGRAMS

There are a number of programs that could

I potentially involve this species and restoration
efforts will be coordinated with agencies that have

I ~ cta~
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responsibility for implementing programs to STRATEGIC OBJECTIVE,
restore certain types of wetlands:

TARGETS. AN D
¯ U.S. Fish and Wildlife Service, PROGRAMMATIC

¯ California Department of Fish and Game ACTIONS
(DFG),

~
The Strategic Objective is to

¯ Delta Protection Commission, restore Sacramento perch
within its native range.

¯ Wildlife Conservation Board.

Efforts to restore and maintain Sacramento perch
would involve cooperation and support from otherLONG-TERM OBJECTIVE’- Establish multiple,

established programs that protect and improveself-sustaining populations of Sacramento perch

conditions for the delta smelt, striped bass, andwithin the Central Valley region.

other species.
SHORT-TERM OBJECTIVE: Evaluate the status

¯ The Recovery Plan for the Sacramento/Sanand biology of Sacramento perch to determine if

Joaquin Delta Native Fishes. restoration of wild populations within its native
rangeisfeasible.

¯ Central Valley Project Improvement Act will
implement actions that will benefit theRATIONALE: The Sacramento perchwas once

Sacramento perch, one of the most abundant fish in lowland habitats
of the Central Valley. With the exception of a
small population in Clear Lake, it has been

LINKAGE WITH OTHER extirpated from natural habitats within its native
ECOSYSTEM ELEMENTS range, apparently because of competition and

predation from introduced centrarchid fishes, such
The reintroduction of Sacramento perch intoas black bags. It would be certainly be formally
selectedhabitats theCentralValleyis closely listed as an endangered species except that it has
linked to restoration of non-tidal perennial aquaticbeen widely introduced into reservoirs, lakes, and
habitats, Delta sloughs, and elimination ofponds outside its native habitats in California and

It other western states. Although some of theseinterspecificcompetitoror predatorspecies.
may be feasible to link the reintroduction ofintroduced populations are probably secure, most
Sacramento perch with efforts to reverseare in artificial waters subject to dewatering and
subsidence in certain Delta islands. One approachother perturbations and a number have

to reversing subsidence may be to flood sectionsdisappeared in recent years. There is thus a need
of subsided land for the purpose of promoting theto establish populations in places within their
growth of aquatic vegetation such as cattails andnative range that can be closely monitored to be
tules, plants which can contribute organic mattersure this species persists in the future. It is quite

for rebuilding peat. These shallow water, heavilylikely that many, if not all, of these places will be

vegetated experimental plots may provide idealartificial habitats (e.g., ponds, reservoirs).
habitat to design an experiment that addresses the
reintroduction of Sacramento perch. STAGE 1 EXPECTATIONS: A thorough status

review of the Sacramento perch will have been
completed and a plan for its long-term
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I
preservation in the Central Valley developed. At
least one experimental population will have been

I established in the Delta.

Sacramento perch would benefit from the

I following actions and restoration activities:

¯ adding and modification of aquatic habitat,

i
¯ creation of tidally influenced wetlands,

I ¯ creation of set-back levees to increase shallow
water habitat along existing channels,

I ¯ eliminating water hyacinth and other noxious
aquatic plants from Delta channels,

I ¯ updating existing fish protection facilities at
South Delta pumping plants,

I ¯ installing screens on unscreened diversions,

¯ removing competitors for similar habitats and

" I
food sources, and

¯ preventing further introductions of non-native

i aquatic organisms
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|̄
GREATER SANDHILL CRANE

I Delta and Sacramento-San Joaquin Valley eco-
systems. The greater sandhill crane is found

i throughout most of the Central Valley in winter
and nests in northeastern California and Oregon.

i Habitats used by the sandhill crane include
seasonal and fresh emergent wetlands, grasslands,
and agricultural lands.    Large wintering

i populations of greater and lesser sandhill cranes
congregate in the Sacramento and San Joaquin
Valleys. Generally, crane wintering habitat
consists of shallowly flooded grasslands that areI used as loafing and roosting sites and nearby
agricultural areas that provide food sources
include rice, sorghum, barley, and corn. In theI Delta, in roost sites, free fromadequate relatively
disturbance and quality and quantity of forage, are
potential limiting factors on the wintering

I
I NTRODUCTION

population.

The State-listed greater sandhill crane is a fully

I This of the sandhill protected species because the small remainingsubspecies craneprimarily
winters in the Delta and forages and roosts inpopulation depends on habitat that is threatened
agricultural fields and pastures. Because thewith loss or degradation. The conversion of

i winter of the greater sandhill crane overlaps grasslands, wetlands, and agricultural land torange
the winter range of other sandhill craneurban development is an ongoing process that is
subspecies, all subspecies are considerednot likely to be reversed. The sandhill crane now

I important resources. The greater sandhill cranedepends primarily on artificially created areas
population has declined primarily as a result ofwhere natural wetland and grassland habitats have
loss of suitable wetland nesting habitats. The lossbeen eliminated. Disturbance associated with

I of habitat and declining condition of thehuman activities, illegal harvest, and predation
subspecies’ population have warranted its listinghave also affected the overall health of the crane
as threatened under the California Endangeredpopulation, although less severely than the loss

I Species Act. Major factors that limit this and degradation of itshabitats.
resource’s contribution to the health of the Bay-
Delta are related to adverse effects of conversion VI S lO N
of grassland and wetland habitats for agricultural,
industrial, and urban uses. The vision for the greater sandhill crane is to

contribute to the recovery of this State-listed

I RESOURCE DESCRIPTION threatened species in the Bay-Delta. Recovery of
the greater sandhill cane would contribute to

The greater sandhill crane is an important part ofoverall species richness and diversity. Achieving

I the biological integrity and health of the Bay-this vision will reduce conflict between the need

|
¯

~ Vision for Greater Sandhill Crane~ ~.~rtt
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for its protection and other beneficial uses of land and restore Central Valley aquatic and upland
and water in the Bay-Delta. habitats that are needed for waterfowl. This

plan provides indirect benefits for the greater
Maintenance of healthy populations of other sandhill crane and other species that use these
sandhill crane subspecies will also improve by wetland and upland habitats.
providing sufficient wintering habitat in the Bay-
Delta. Habitat restoration these in the ¯ California Department of Fish and Game and
Sacramento-San Joaqu!n Delta Ecological The Nature Conservancy are working to
Management Zone will help maintain healthy protect and restore crane habitat in the area of
populations, the Woodbridge Ecological Reserve and the

Cosumnes River Preserve.
The greater sandhill crane will benefit from
restoration of shallowly flooded wetlands. LINKAGE WITH OTHER
Implementing existing crane recovery and
waterfowl management plans will also help ECOSYSTEM ELEMENTS
achieve this vision. Such strategies could be
implemented through collaborative work with Restoration and recovery of the greater sandhill
organizations to maintain and improve existingcrane population of the Central Valley is integrally
preserves, cooperative agreements with landlinked with wetland and riparian habitat
management agencies, or conservation easementsrestoration, and agricultural habitat improvement.
or purchase from willing sellers.

STRATEGIC OBJECTIVE,
Restoration of ecosystem processes and habitats in
other ecological management zones will also TARGETS, AND
allow seasonal and fresh emergent wetlands and PROGP MMATIC
grasslands to develop that will provide habitat for ACTIONSwintering sandhill cranes elsewhere in the Central
Valley.

The Strategic Objective is to
INTEGRATION WITH

~ increase greater sandhillcrane populations in the
OTHER RESTORATION Central Valley.

PROGRAMS
LONG-TERM OBJECTIVE: Restore roosting,

Restoration of sandhill cranes in the Centralforaging, and loafing habitat for the greater
Valley is conducted by the following programs: sandhill crane in the Central Valley.

¯ A Pacific Flyway Management Plan for the SHORT-TERM OBJECTIVE: Restore
Central Valley population of greater sandhillpopulations to the point where the crane can be
cranes to recover the population has beenremoved from the state threatened species list.
developed and is being implemented by the
U.S. Fish and Wildlife Service and the I:~,’rloto~a.~:: The greater sandhill crane is a
California and Oregon Departments ofFish spectacular bird that listed as threatened in
and Game. California and fully protected under the Fish and

Game Code. It is a year around resident, nesting
¯ The Central Valley Habitat Joint Venture in grasslands and wetlands. Much of their nesting

Implementation Plan contains goals to protecthabitat has been lost to agricultural conversion and
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I intensive cattle grazing. They will forage in moist                   REFERENCE
cropland and as well as in emergent wetlands,

I newly planted and sprouting crops, harvestedStrategic Plan for Ecosystem Restoration. 1999.
crops, fallow fields, uncultivated areas, canals and Appendix to the CALFED Bay-Delta Program
irrigation ditch banks. Greater sandhill cranes Environmental Impact Statement

i prefer open areas with shallow fresh water for /Environmental Impact Report. June 1999.
drinking and bathing. Most winter in the Delta
region and require protected roosting habitat near

i dormant agricultural fields in which they forage.

STAGE 1 EXPECTATIONS: A program will have

i been implemented to protect wintering (foraging,
roosting, and loafmg habitats) habitat that already
exists and maintain population size. Current
populations within the Central Valley will haveI been monitored.

General targets for greater sandhill crane are to:

! ¯ Increase the number of greater sandhill cranes
in the Central Valley population,

I          ¯ Increase the distribution of greater sandhill
crane in the Central Valley,

I          ¯ Decrease disturbance at roosting sites due to
waterfowl, pheasant, and rabbit hunters, and

i          ¯ Increase the number and sizes of "closed
areas" on wildlife areas to provide

I undisturbed areas for the crane.

General programmatic actions to help reach the

I targets include:

¯ Protect existing habitats and restore additional

I suitable seasonal and fresh emergent wetlands
grasslands, riparian woodlands, fallow fields,
and harvested fields,

I ¯ Increase the number of duck clubs that retain
water after the waterfowl season ends, and

I ¯ Improve agricultural land management to
reduce disturbance caused by human

i activities.
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I
- � WESTERN YELLOW-BILLED CUCKOO
I

Sacramento and San Joaquin Valleys. Yellow-
billed cuckoos inhabit extensive deciduous

I riparian thickets or forests with dense, low-level
or understory foliage that abut rivers, backwaters,
or seeps. The cuckoo, is limited to some reaches

I of the Sacramento River, Sanbom Slough in the
Butte Sink, and the Feather River. The population
of this species is critically low.

I Dense, large patches of willow-cottonwood
riparian habitat are the preferred nesting habitat

I for this neotropical migrant. This habitat was
once much more common, particularly along the

INTRODUCTION Sacramento and San Joaquin rivers; however,

I conversion of land to agriculture, urbanization,

The western yellow-billed cuckoo is associatedand flood control projects have caused the loss of
habitat. Other stressors that continue to adverselywith mixed riparian and cottonwood forests. This

I species has been eliminated from the Bay-Delta.affect the species are loss of habitat as a result of

Elsewhere, the population and range of thisbank protection projects, mortality associated with
non-native nest parasites and predators, andspecies have declined primarily as a result of the
inadvertent drift of some types of herbicides andI loss or degradation of extensive, mature and

successional riparian cottonwood forests. Thepesticides into habitat areas.

loss of habitat and declining condition of the

I species’ population have warranted its listing as VISION
endangered under the California Endangered
Species Act. The vision for the western yellow-billed cuckoo is

I to contribute to the recovery of this State-listed
Major factors that limit this resource’sendangered species. Recovery of this species
contribution to the health of the Delta are relatedwould contribute to overall species richness and

I to adverse effects of flood control and bankdiversity. Achieving this vision will reduce
protection projects, which resulted in the directconflict between the need for its protection and
loss of riparian forests and reduced or eliminatedother beneficial uses of land and water in the Bay-

I the processes that create and maintain floodplainsDelta.
that support riparian forests, and reclamation of
riparian forests for agricultural, industrial, andProtection and restoration of existing and suitable

i urban uses. mature riparian forest will be critical to the
recovery of the yellow-billed cuckoo. Restoration

RESOURCE DESCRIPTION of riparian habitats in the Sacramento-San Joaquin
Delta, Sacramento River, Cottonwood Creek,

Historically, the yellow-billed cuckoo commonly Colusa Basin, Feather River/Sutter Basin, and
American River Basin Ecological Managementoccurred from the Mexican border along the coast

I belt through the San Francisco Bay region as farZones will help to recover this species by

as Sebastopol, Sonoma County, and through theincreasing the quality and quantity of its habitat.
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INTEGRATION WITH RATIONALE: The yellow-billed cuckoo is listed
as an endangered species in California because it

OTHER RESTORATION has disappeared from most of the riparian areas it

PROGRAMS once inhabited. The cause of their decline seems
too have been loss and alteration of riparian

No program is specifically charged with restoringforests, combined with heavy pesticide use in

yellow-billed cuckoo populations. Restorationadjacent farmland. Yellow-billed cuckoos have

efforts sponsored by the Upper Sacramento Fishstrict habitat requirements for successful breeding,

and Riparian Habitat Advisory Council (SB 1086) including humid conditions and dense strands of

have the potential for benefitting the species. Thewillows and cottonwoods along riverbeds.

purpose of riparian habitat planning through theYellow-billed cuckoos do not just inhabit old
growth trees so reforested areas can be used asSB1086programistopreserveremainingriparian

habitat and reestablish a continuous ripariansuccessful breeding areas. Limiting pesticide use

ecosystem along the Sacramento River. in the area is needed so there is an ample food
supply of insects to feed the young.

LINKAGE WITH OTHER STAGE 1 EXPECTATIONS: Existing populations
ECOSYSTEM ELEMENTS will have been stabilized and any further loss of

feeding and nesting habitat will have been
Restoration and recovery of the yellow-billedprevented. Riparian areas suitable for yellow-
cuckoo population of the Central Valley isbilled cuckoo will have been identified and
integrally linked with wetland and riparian habitatprioritized for restoration and, if necessary,
restoration, and agricultural habitat improvement,reintroduction of cuckoos.

The general target is to increase the population of
STRATEGIC OBd ECTIVE, yellow-billed cuckoo in the Central Valley.

TARGETS. AND
PROGRAM MATIC The general programmatic action which will assist

in reaching the target is:
ACTIONS

¯ Improve and restore riparian forest habitat

~~lk
The Strategic Objective is to suitable for the yellow-billed cuckoo in the

restore yellow-billed cuckoo Central and Sacramento valleys~

throughout its historical range
in the Central Valley. REFERENCE

LONG-TERM OBJECTIVE: Establish breeding
Strategic Plan for Ecosystem Restoration. 1999.

populations of western yellow-billed cuckoo in Appendixto the CALFED Bay-Delta Program
Environmental     Impact     Statement

riparian areas throughout the Central Valley.             /Environmental Impact Report. June 1999.

SHORT-TERM OBJECTIVE: Restore enough
populations to western yellow-billed cuckoo so it
can be removed from the list of California
endangered species.
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¯ BANK SWALLOW

is found in only a small number of ecological units
within the Central Valley’ s ecological
management zones that are adjacent to major
rivers and their tributaries. The species is not
known to occur in the Sacramento-San Joaquin
Delta or the Suisun Marsh/North San Francisco
Bay Ecological Management Zones. Nesting
colonies are found along the Sacramento River
from mile 143 to 243, with 40-60 colonies
remaining along the upper Sacramento River and
approximately 10-20 colonies on the Feather
River. A total of 5-10 colonies are located above
and below miles 143 on the Sacramento River.

/ ~..~",~, ’1 Other small colonies are found along other
waterways, including: the American River,!
Thomes Creek, Cache Creek, and the Cosumnes
River.

INTRODUCTION Bank swallows breed in vertical banks or cliffs
that are created when streams and rivers erode

The bank swallow is associated with riparian andtheir banks. Friable soils are an important habitat

riverine habitats and nests in vertical cliff andrequirement. Their population is estimated to have

bank faces eroded by rivers. The population andbeen reduced by 50% since 1900. Only a few
colonies remain within the State as a result ofrange of this species have declined primarily as a

result of the loss or degradation of ecosystemstream channelization, bank protection, and flood

processes that maintain suitable nesting substratescontrol projects, which have reduced the

along streams and rivers. The loss of habitat andavailability of breeding sites (i.e., cliffs) by

declining condition of the species’ populationconstraining rivers from eroding their banks. As
much as 75% of the current breeding population inhave warranted its listing as threatened under the

California Endangered Species Act. The major "California concentrates along the banks of the

factor that limits this resource’s contribution to theCentral Valley’s streams; 70-80% of remaining

health of the Delta is related to the adverse effectsbreeding habitat is found along a small stretch of
the Sacramento River.

of levees and bank-protection structures on fiver
and stream channel migration. These structures

The decline of the bank swallow can be attributedinhibit or prevent the channels’ ability to erode its
banks and form the nesting cliffs and banksprimarily to human activities that have changed

the ecosystem processes that create and sustain itsrequiredbythespecies.
bank and bluff nesting habitat. Stream meander
migration is necessary to maintain, enhance, and

RESO U RC E DESCRI PTI O N create the f’me-textured or sandy-type vertical
banks or cliffs in which bank swallows dig their

Once an abundant lowland species in California,nesting holes. Levees and riprapped banks along
the bank swallow is now limited to breeding in astreams and rivers have impeded the creation of
small part of its former range. The bank swallownesting cliffs by preventing channels from
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following the natural process of erosion,Restoring Sacramento River meander belts and
deposition, and meandering. Currently proposedother confined streams and rivers is an approach
projects for confining channels within the species’that would restore, on a large scale, the processes
nesting range represent the largest threat tothat create nesting banks. Partially restoring the
maintaining existingbank swallow colonies. Theprocesses that create nesting sites would be
general deterioration or loss of adjacent floodplainfeasible in some areas by modifying flood control
habitats (e.g., shaded riverine aquatic, riparianand bank stabilization practices to allow channels
corridors and forests, and open grasslands) hasto migrate and cut banks.
also, although to a lesser degree, contributed to the
species’ decline.

| NTEGRATION WITH

VISION OTHER RESTORATION
PROGRAMS

The vision for the bank swallow is to contribute to
the recovery of this State-listed threatened species.Other programs linked to restoring riparian
Recovery of the bank swallow would contribute to systems and bank swallow habitat include:
overall species richness and diversity. Achieving
this vision will reduce conflict between the need̄ the Upper Sacramento River Fisheries and
for its protection and other beneficial uses of land Riparian Habitat Advisory Council (SB 1086),
and water in the Bay-Delta.

¯ the Centra! Valley Improvement Act,
Protecting existing nesting colonies from activities
that could result in their loss or degradation and̄ Anadromous Fish Restoration Program,
restoring ecological process of confined channel
migration will be critical to the recovery of thē Cosumnes River Preserve,
bank swallow. The Ecosystem Restoration
Program Plan’s proposed restoration of streamt Delta Native Fishes Recovery Team,
meander and riparian habitat in the Sacramento
River and Butte Basin Ecological Management̄ Department ofFish and Game Central Valley
Zones will help to protect the remaining nesting Salmon and Steelhead Management and
colonies along the Sacramento and Feather rivers. Restoration Program,
Protecting the remaining nesting colonies is an
essential requirement to preventing the bank̄ Riparian Habitat JointVenture, and
swallow population from declining to a point
where restoration efforts may offer little help to¯ California Department of Fish and Game’s
the species, recovery plan for the bank swallow.

Recent studies have shown that most nesting LINKAGE WITH OTHER
colonies are adjacent to open grasslands. Other
colonies live in agricultural lands and riparian and ECOSYSTEM ELEMENTS
oak forests. Restoring these habitats while
protecting and restoring streamside banks andRestoration of the bank swallow population and
levees would also help maintain or increaseits habitat will be integrally linked to restoration
existing bank swallow populations, of natural stream meander corridors in the rivers

of the Central Valley.

Volume I: Ecosystem Restora6on Program Plan
Vision for Bank Swallow

308                                      June 1999

C--01 91 94
C-019194



I
STRATEGIC OBJECTIVE, The general target is to increase the number of

bank swallow pair in the Central Valley.

I TARGETS, AND
PROGRAMMATIC General programmatic actions which will

ACTIONS
contribute to reaching the target include:

I ¯ protect existing nesting colonies along the
The Strategic Objective is to Sacramento River, Feather River and their

I increase the number of tributaries,
breeding colonies of bank
swallow in the Central Valley. ¯ restore natural river meander process, and

LONG-TERM OBJECTIVE." Create the conditions       ¯ increase and link potential nesting habitat.
that will allow nesting colonies of bank swallows

I to thrive along the Sacramento and San Joaquin REFERENCE
rivers, as well as their major tributaries, especially
the Feather River. Strategic Plan for Ecosystem Restoration. 1999.

I Appendix to the CALFED Bay-Delta Program

SHORT-TERM OBJECTIVE: Recover sufficient Environmental Impact Statement

populations so that the bank swallow can be /Environmental Impact Report. June 1999.

i removed from the state list of threatened species.

R~TIONAU=: The bank swallow is listed as a

I state threatened species. It has declined because of
the progressive loss of its prime nesting habitat:
freshly exposed steep riverbanks, in which it digs

I burrows. Stabilization of river channels,
placement of rip-rap on eroding banks, and other
factors which decrease the availability of fresh-cut

I banks have reduced potential spawning areas
throughout the Central Valley. This is a species
that will benefit from the creation of "meander

I zones" in large rivers and other actions that
increase the ability of rivers to find their natural
channels.

I STAGE 1 EXPECTATIONS: An inventory will
have been completed of areas of dynamic river

I bank which meet requirements for bank swallow
nesting habitat. Methods will have been developed
by which to maintain the creation of fresh-cut

i banks in these regions to keep the creation of new
nesting habitat at least even with the natural
deterioration of old habitat.

!
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WESTERN LEAST BITTERN

and wetlands. Shallow water, emergent cover, and

~~
substrate with high invertebrate abundance are the
most important features of Western least bittem
habitat. The bittern is also known to feed on
amphibians, fish, crayfish, and small mammals.
Much of the Western least bittem’s ~wetland
habitats have been destroyed or modified since the
mid-180’s. This decline in wetlands has reduced
population densities of the bitterns throughout
their range.

Habitat loss is largely a result of reclamation for
agricultural, industrial, and urban uses and water
management projects. The total area of those
remaining habitats represents only a small
percentage of their history level. These habitats
continue to be threatened by sedimentation, water
diversions, recreational activities, water quality,
and land use practices. Insufficient quantity and
quality of wetland habitat is the primary factor
limiting recovery of the species’ population in the
estuary. Other factors that can also adverselyINTRODUCTION
affect the Western least bittern include disturbance

This species is considered part of the heron familyduring its breeding period, contaminants, and
and is its smallest member. The Western leastexcessive predation by non-native species.
bittern utilizes freshwater tidal and nontidal
marshes and wetlands for foraging and nesting
habitat. The population and distribution of this VISION
species have declined substantially primarily as a
result of reclamation of its wetland habitats andThe vision for the Western least bittern is to
because of its decline is a Department of Fish andcontribute to the recovery of this species to
Game Califomia"SpecialConcemSpecies,"isoncontribute to overall species richness and
Audubon’s Blue List, and is a U.S. Fish anddiversity. Achieving this vision will reduce

Wildlife Service "Migratory Nongame Bird of conflict between the need for its protection and
Management Concern." The major factor thatother beneficial uses of land and water in the Bay-
limits this resource’s contribution to the health ofDelta.
the Delta is related to the adverse effects of
historical and current loss or degradation ofRestoring suitable tidal and nontidal freshwater
freshwater wetlands, wetlands in the Bay-Delta is critical to the

recovery of the species in the estuary. These
restored habitats would andRESOURCE DESCRIPTION foraging habitat for the WestemPr°vide leastnestingbittem.
Although the Western least bittem’s range extends

The Western least bittern inhabits stands of      into other ecological themanagementzones,
emergent vegetation within freshwater marshes
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primary focus for habitat restoration will be in the STRATEGIC OBJECTIVE,
Sacramento-San Joaquin Delta Ecological
Management Zone. Efforts outside the Delta to TARGETS. AN D
restore freshwater habitats would also benefit the PROGRAMMATICspecies.

ACTIONS
INTEGRATION WITH

The Strategic Objective is to
OTHER RESTORATION ~ restore    the    wintering

PROGRAMS populations of western least
~ bittern in the Central Valley to

Many programs designed to benefit broader historic levels.
groups of fish and wildlife that use or depend on
wetlands, sloughs, or adjacent aquatic systems inLONG-TERM OBJECTIVE: Restore the western
the Bay-Delta also benefit the Western leastleast bittern to the status as a common
bittern, some of these are operated by theoverwintering marsh bird in the Central Valley

¯ following organizations: and Delta.

¯ San Francisco Bay Area Wetlands Ecosystem SHORT-TERM OBJECTIVE: Develop wintering
Goals Project, habitat for least bitterns by creating "no

disturbance" refuges along the central corridor of
¯ California Coastal Conservancy, the Central Valley and Delta for all shore and

wading birds.
¯ Delta Native Fisheries Recovery Team,

RATION,~J.E." The western least bittern, .a
¯ San Francisco Bay National Wildlife Refuge, California Department of Fish and Game Species

of Special Concern nests in emergent wetlands of
¯ U.S. Fish and Wildlife Service San Franciscocattails and tules in the upper and lower reaches of

Bay Program, and the Central Valley but winters in marshlands along
the main rivers and in the Delta. Least bitterns

¯ Tidal Wetlands Recovery Plan Ecosystemwere apparently once a common wintering bird in
Wetland Goals Project. the Central Valley but are now scarce. The loss of

wintering habitat as a result of channelization and
LINKAGE WITH OTHER reclamation of marsh lands along the major rivers

_ and Delta has been a major factor in their decline.
ECOSYSTEM ELEMENTS Therefore, to increase their overwintering

survival, there needs to be an increase in
Restoration and recovery of the Western leastcontiguous areas of emergent marsh along both
bittern population of the Bay-Delta is integrallythe Sacramento and San Joaquin rivers.
linked with wetland restoration, and water qualityImportant, but less critical, is the need protect
(contaminants) improvement, breeding habitats not only in the Central Valley

but along the Colorado River and Salton Sea.

~TAGE 1 ~X~E~rATIONS: A thorough review
of the status and habitat requirements of western
least bittern will have been conducted. Areas
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within the Central Valley will have been set aside REFERENCES
as "no disturbance" refuges to protect wintering
habitat of bittems and other wading and shore

Bent, A.C. 1963. Life historiesof North
birds from human disturbance. American marsh birds. Dover Publications,

The general target is to increase the number of
Inc., New York. 392 pp.

breeding pairs of Westem least bittern in the Bay-Strategic Plan for Ecosystem Restoration. 1999.
Delta. Appendix to the CALFED Bay-Delta Program

Environmental StatementImpact
General programmatic actions to achieve the /Environmental Impact Report. June 1999.
target for the Western least bittern include:

Tacha, T.C., and C.E. editors. 1994.Braun,¯ restore the natural tidal action of aquatic Migratory Shore and Upland Game b i r d
habitats; Management in North America. International

¯ preserve the remaining populations of
Associationsof FishandWildlifeAgencies,

Western least bittern, tidal and nontidal
Washington, D.C. 223 pp.

freshwater marsh habitats; Zeiner, D.C. and W.F. Laudenslayer, Jr., eds.
1990. California’s Wildlife, Volume II, Birds,¯ implementation of management programs for California Statewide Wildlife Habitat

small water diversions, disturbance, land use Relationships System, State of
changes, and contaminants would improve California, the Resources Agency,
habitat, reproductive potential,and Department of Fish and Game, Sacramento,
recruitment for Western least bitterns; CA. 732 pp.

¯ protect tidal and nontidal freshwater marshes
and wetlands from adverse land uses;

¯ protect nearby unoccupied suitable habitats
areas would help ensure natural expansion
area is available;

¯ protect existing suitable habitats by
implementing conservation easement
purchasing from willing landowners, or
establishing incentive programs to maintain
suitable habitat;

¯ develop and implement alternatives to land
management practices on public lands that
continue to degrade the quality or inhibit the
recovery of Western least bittern habitats; and

¯ restore, protect, and improve tidal and
nontidal wetlands.
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!
¯ LEAST BELL’S VIREO

Nesting occurs from mid-April to July at the edge
of riparian thickets or open fields with nesting

i pairs building at least two nests per territory. The
eggs hatch in 14 days and the young fledge from
the nest in 11 to 12 days.

I VISION

I The vision for the Least Bell’s vireo isto
contribute to the recovery of this State and
federally listed endangered species to contribute to

i the overall species richness and diversity.INTRODUCTION Achieving this vision will reduce conflict between
protection for this species and other beneficial

I The least Bell’s vireo is listed as both a federaluses of land and water in the Bay-Delta. This will
and state endangered species. It is a rare summerbe accomplished by increasing the existing
resident in parts of southern California andbreeding range in California to historic levels in

i northern Baja. It is most likely seen in San Benitothe early 1900s. It is believed that increasing the
and Monterey counties in the canyons and willows"

amount of nesting habitat will spread out current
and other dense valley-foothill riparian habitat. breeding pairs and reduce the level of brown-

i headed cowbird nest parasitism and reduce nesting
The major factors affecting the least bell vireo’sfailures.
population is cowbird parasitism and habitat

i destruction and degradation.
INTEGRATION WITH

RESOURCE DESCRIPTION OTHER RESTORATION

I PROGRAMS
The least Bell’s vireo population in California has
declined drastically over the past few decades inRelated restoration programs include:

I both numbers and expanse of the breeding range.
The northern range of the population oncē Central ValleyProjectlmprovementAct,
extended to Chico, California, currently however

i it is limited to Santa Barbara county. It is̄ Cache Creek Corridor Restoration Plan,
estimated that the current population of least
Bell’s vireo in California is limited to 450 nestinḡ Cosumnes River Preserve,

I pairs. The decline of the least Bell’s vireo can be
attributed to two different events that directly¯ Riparian Habitat Joint Venture,
affect the population. Nest parasitism by brown-

i headed cowbirds and the degradation and loss of̄ Upper Sacramento River Advisory Council’s
riparian habitat to support breeding populations Riparian Habitat Committee (SB 1086
through out California. program),

i ¯ San Joaquin River Management Program, and
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U.S. Fish and Wildlife Service’s Anadromous isolation of riparian habitats, has also contributed
Fish Restoration Plan. to the decline of least Bell’s vireo.

EXPECTATIONS:LINKAGE WITH OTHER STAGE 1 The current
and population ofdistribution least Bell’s vireo

ECOSYSTEM ELEMENTS within Califomia willhave     been determined and
strategies for reintroducing it into central

storation of the least Bell’s vireo and itsCalifornia will have been completed. Riparian
riparian habitat is linked to restoring healthy andrestoration programs will have included the idea
diverse ripariancommunities throughout of recreating habitat for this bird.
California.

The target would be to increase the number of
STRATEGIC OBJ ECTIVE, nesting pairs and their distribution within historic

TARGETS, AND
ranges.

PROGRAMMATIC Least Bell’s vireo will benefit from the following
¯

ACTIONS actions and restoration activities:

of brood~ ~ ¯ Reduce the amount parasitism by
Strategic Objective cowbirds on California-’--~- The is to brown-headed yellow

~’_~,~k restore least Bell’s vireo to warblers.

~ the amount of riparianrepresentative habitats ¯ Increase habitat
throughout its former range, throughout California.

¯ Improve the quality of existing degraded

LONG-TERM OBot=e’rw~: Restore populations riparian habitat.

of least Bell’s vireo to riparian areas throughout
California. REFERENCES

SHORT-TERM OBJECTIVE: Recover least Bent, A.C. 1965. Life Histories of North
Bell’s vireo populations to the point where it can American Wagtails, Shrikes, Vireos, and the
be removed from state and federal endangered allies. New York: Dover Publications, Inc.,
species lists, pp. 265-268

RATIONALE: The least Bell’s vireo was once Strategic Plan for Ecosystem Restoration. 1999.
quite common throughout the coastal and Appendixto the CALFED Bay-Delta Program
Sacramento and San Joaquin Valleys. The current Environmental Impact Statement
distribution of least Bell’s vireo in California is in /Environmental Impact Report. June 1999.
isolated pockets in Southern California and along
the Colorado River. Currently, the least Bell’sWarner, R.E., and K.M. 1984. Hendrix.
vireo is listed as an endangered species by both California Riparian Systems. Berkeley:
the state and federal governments due to its rapid University of California Press. pg. 605.
decline in population and distribution. The least
Bell’s vireo’s decline has been attributed toZeiner, D.C., ed., et al. 1990. California’s
degradation and destruction of nesting habitat Wildlife. Sacramento: California Department
among riparian thickets. Nest parasitism by ofFish and Game. pp. 568, 652.
cowbirds, a side effect of the narrowing and

¯
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¯ CALIFORNIA YELLOW WARBLER

I NTRODUCTION VISION

As the California The vision for the California warbler isa neotropicalmigrant, yellow yellow to
warbler is present in California from April to contribute to the recovery of this California
October. During these months the Californiaspecies of special concern. This will be
yellow warbler primarily utilizes underbrush ofaccomplished by increasing the size and quality of
open deciduous riparian woodlands for homeriparian habitats in California, especially in those
territories, foraging areas and nesting sites,areas with high populations of brown-headed
Recently, breeding populations in valley areascowbirds. By increasing the area of riparian
have been declining due to destruction of riparianhabitats, the California yellow warbler and the
habitats as well as nest parasitism by the brown-brown-headed cowbird populations will not be as
headed cowbirds. Due to a consistent, gradualcompacted. Greater areas of riparian habitat and
decline of breeding populations in California, thelowering population densities of yellow warblers
California yellow warbler has been listed as aand cowbirds will allow for higher population
California Species of Special Concern. numbers of passerine species that the cowbird can

also parasitize. With more habitat and greater
RESOURCE DESCRIPTION numbers of those species that the cowbird can

parasitize, the rate at which Califomia yellow

California yellow warblers summer throughoutwarblers are being parasitized should decrease.

northern California and in the coastal regions ofFurthermore, by creating more riparian habitat and

southern California. In recent decades there hasimproving the quality of existing habitat, a more

been a marked decline in the breeding populationdiverse and sustainable riparian community will
be created.of California yellow warblers in the San Joaquin

and Sacramento valleys. Once common in these
areas, the California yellow warbler has been INTEGRATION WITH
displaced due to loss of riparian habitat caused by OTHER RESTORATION
agricultural and urban development.

PROGRAMS
Another cause of breeding population decline is
brood parasitism by brown-headed cowbirds. Related restorationprograms include:
Brood parasitism by cowbirds has been
documented to lower the reproductive success of̄ Central Valley Project Improvement Act,
warblers. In areas where cowbird populations are
high the population numbers of California yellow̄ Cache Creek Corridor Restoration Plan,
warblers are very low despite the quality of
habitat, therefore, decline of warbler populations¯ Cosumnes River Preserve,
due to parasitism can be attributed to loss of the
birds’ common habitat. As habitat decreases both̄ Riparian Habitat Joint Venture,
birds must use more common habitat for foraging
and territory creating a situation where Californiā Upper Sacramento River Advisory Council’s
yellow warblers are more accessible and therefore Riparian Habitat Committee (SB1086
more easily parasitized by brown-headed program),
cowbirds.
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¯ San Joaquin River Management Program, andare good indicators of habitat quality and diversity
and their popularity with birders means that

¯ U.S. Fish and Wildlife Service’sAnadromous populations are tracked and have high public
Fish Restoration Plan. interest. They can also be good indicators of

contaminant levels, by monitoring reproductive

OTHER success and survival in areas near sources ofLINKAGE WITH
contamination. Riparian forests are particularly

ECOSYSTEM ELEMENTS important to this group because they are major
migration corridors and breeding habitat for many

Restoration of the California yellow warbler andspecies. By providing improved nesting and
its riparian habitat is linked to restoring healthymigratory habitat, it may be possible to partially
and diverse riparian communities throughoutcompensate for increased mortality rates in the
California. wintering grounds.    Improved habitat for

songbirds also provides habitat for many other

STRATEGIC OBJECTIVE, species of animals and plants.

TARGETS, AN D STAGE 1 EXPE~rATIONS: A "master plan" will
PROGRAMMATIC have been developed for the conservation of

neotropical migrants in the Bay-Delta watershed
ACTIONS that includes status reports and habitat

requirements for all species. This information will
The Strategic Objective for the have been used to integrate neotropical migrant
California yellow warbler is to conservation into various restoration projects or to
restore and protect habitats develop restoration projects specifically aimed at
used by neotropical migrant improving migration and breeding habitat for
birds for breeding and selected members of this group.
foraging in the Central Valley.

The following targets will aid in achieving the

LONG-TERM OBJECTIVES-" Substantially implementation objective:

improve breeding and migration habitats for all
neotropical migrant birds to increase their rates of̄ Increase breeding numbers of California

reproduction and survival, yellow warblers throughout California.

SHORT=TERM OBJECTIVES: Maintain breeding ¯ Reduce the amount of brood parasitism by
brown-headed cowbirds on California yellowpopulations at present levels and develop
warblers.restoration projects that will benefit migrating

individuals.                                     The following programmatic actions will aid in

RATIONALE-" Neotropical migratory birds achieving the target recommendations:

constitute a diverse group of largely passerine
songbirds that overwinter in the tropics but breed̄ Increase the amount of riparian habitat

in or migrate through the Central Valley and Bay- throughout California

Delta region. As a group, they are in decline
because of loss of habitat on their breeding

¯ Improve the quality of disturbed riparian

grounds, in their migratory corridors, and in their habitat

wintering grounds. The species within this group
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LITTLE WILLOW FLYCATCHER

| NTRODUCTION the restoration of natural processes and functions
which will help lead to sustained healthy

The little willow flycatcher is one of manypopulations. Restoring broad bands of dense

neotropical migrants which is a relativelywillow-cottonwood riparian and riparian scrub
habitat will contribute to sustaining improvedwidespread summer resident in wooded settings

near water and open areas. It prefers dense shrubecosystem processes and functions to restore the

cover to timber, especially willow thickets. It is health of aquatic and terrestrial resources in and

dependent upon the flora of California to foragedependent on the riverine and riparian systems.

and reproduce, typically from about May until While attaining this vision, habitat improvements

September. The rest of the year is normally spentwill support an increased level of production of
insects and other macro invertebrates which arein Central America and South America.
important elements of the food web for fish and

Efforts to protect and restore the habitat needed towildlife including rearing chinook salmon.

attain a healthy state for this species will not only
require the restoration of a number of ecologicalThe restored riparian habitat and natural processes

process and functions, but will also require thein the relevant ecological management zones will

combined efforts of federal, state, privateimprove river and channel water temperatures,

organizations, and landowners to provideand support stream meander and flood processes

sufficient restored and improved habitat for thethat will all contribute to improving the ecological

survival of this species, health of the aquatic resources in and dependent
on the Bay-Delta. This vision is congruent with
CALFED’s vision to restore the Bay-Delta

RESOURCE DESCRIPTION ecosystem to a healthy state for listed fish and
wildlife.

Habitats used by this species include forested
woodland, riparian, unforested lowlands, INTEGRATION WITHgrasslands, montane riparian habitats, and shrub
habitats near open areas or water. These habitats OTHER RESTORATION
have been and continue to be lost due to the PROGRAMS
alteration of habitat by agricultural conversions
and urban land development, of related restoration includeExamples programs

the following:
VISION

¯ Central Valley Project Improvement Act;
The vision for the little willow flycatcher is to¯ Cache Creek Corridor Restoration Plan;
contribute to the recovery of this State-listed̄ Cosumnes River Preserve;
endangered species. Recovery of the little willow̄ Riparian Habitat Joint Venture;
flycatcher would contribute to overall species̄ Upper Sacramento River Advisory Council’s
richness and diversity. Achieving this vision will Riparian Habitat Committee (SB 1086
reduce conflict between the need for its protection Program);
and other beneficial uses of land and water in thē San Joaquin River Management Program;
Bay-Delta. The vision will be attained by and,
improving nesting and foraging habitat in thē U.S. Fish and Wildlife Service’s Anadromous
Central Valley and foothills of the State through Fish Restoration Plan.
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All these programs will play important andRestoration of habitats used by neotropical birds
integral roles, coordinated through CALFED, to such as riparian, perennial grasslands, and oak
achieve the vision for the little willow flycatcher,woodlands, in conjunction with restoring related

ecosystem functions and processes, will be the
LINKAGE WITH OTHER primary approach used to achieve CALFED’s

vision.~ Large scale restoration of nesting habitat
ECOSYSTEM ELEMENTS will help reduce nest parasitism and predation.

Efforts to protect and restore the habitat needed toSTRESSORS. Stressors at one time or another
attain a healthy state for this species will not onlycontribute to reduced reproductive success of
require the restoration of a number of ecologicalneotropical avian species. Land use, human
process and functions, but will also require thedisturbance, elevated levels of competition and
combined efforts of federal, state, privatepredation by exotic species, wildfire, and
organizations, and landowners to providecontaminants are all stressors that affect the
sufficient restored and improved habitat for theecological health of this species. For instance,
survival of this species, insect populations that form the base of the food

web can be severely impacted by pesticide drift
ECOSYSTEM PROCESSES. The primary from nearby agricultural lands.
ecological processes that help recruit neotropical
migrants include nutrient inputs and vegetationReducing the effects of stressors will be a major
succession. These two processes supply the foodfactor in preventing further loss of existing nesting
and cover components required such as theand foraging habitat. Where consistent with flood
invertebrates which invariably become prey items,control needs, modification of levees and bank
These processes are currently influenced by landprotection measures which would otherwise
uses and other human disturbances and theirinhibit the natural establishment of vegetation
restoration is vital to improve ecological health ofsuccession will allow areas to naturally change
the Bay-Delta. Through the restoration of severalover time. By controlling human disturbance in
ecological process including stream meandernesting areas and improving water management a
belts, vegetation succession, overbank flooding,number of species will benefit.The
floodplain inundation, and secondary productionimplementation of fire breaks and other types of
theessentialelementsneededby this species will buffers would be useful in preventing the adverse
be restored to improve the food web as well asimpacts of wildfires.
provide optimum breeding and roosting habitat.

STRATEGIC OBJ ECTIVE,HABITAT. The primary threat to neotropical
migratory birds has been, and continues to be, loss TARGETS, AN D
and alteration of habitat by agricultural conversion PROGRAM MATIC
(plowing and leveling of land), river
channelization, dam construction, drainage and ACTIONS
pipeline construction. The little willow flycatcher
and other species’ nests are parasitized by brown- The Strategic Objective is to
headed cowbirds when adequate vegetative cover ,~. restore little willow flycatcher
is not available. Species that are deep forest

~                  populations to habitatsnesters have been the most adversely affected by throughout its former range in
habitat fragmentation.                                    Central California.,
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LONG-TERM OBJECtiVE: Restore little willow The long-term target for restoring the neotropical
flycatcher to abundance throughout its nativemigratory bird guild is to restore 5,000 to 7,000
range by protecting and restoring contiguousacres of riparian habitat in the Delta Ecological
expanses of montane riparian habitats in the SierraManagement Zone; 3,000 to 5,000 acres in the
Nevada and Cascade ranges. Sacramento River Ecological Management Zone;

and, 5,000 to 7,000 acres in the San Joaquin
SHORT-TERM OBJECTIVE: Have enough Ecological Management Zone. The following are
self-sustaining populations of little willowpotential actions that if implemented by
flycatcher so that the species can be removed fromthemselves or in combination would help achieve
the state list of endangered species, the short and long-term targets:

I:L~TIONALE: The little willow flycatcher is a ¯ Set back levees to create hydrologic
neotropical migrant bird that is listed by the state conditions necessary for seasonal flooding
as endangered and by federal government as a and vegetation succession.
species of concern. Little willow flycatchers nest
and roost in montane riparian habitats in the Sierra" Establish programs for landowners that
Nevada and Cascade ranges consisting of dense provide incentives for the establishment and
willow thickets. Lower exposed perches provide maintenance of shaded riverine aquatic and
singing and hunting platforms. In areas that are oak woodland habitat.
heavily grazed by cattle little willow flycatchers
are absent from areas that appear to providē Modify, where consistent with flood control
suitable habitat. Restoration of this bird will objectives, vegetation management practices
presumably require restoring large expanses of along levees to allow for the natural
riparian thickets within the habitat ranges of the reestablishment of shaded riverine aquatic
little willow flycatcher, in part by excluding cattle vegetation.
grazing.

¯ Develop and implement alternatives to land
STAGE 1 EXPECTATIONS: The range within management practices on publiclandsthat
California ofthelittlewillowflycatcherwillhave now continue to degrade woodland and
been determined and measures to protect and shaded riverine aquatic habitat quality or
enhance habitat will have been inhibit and provide incentives toremaining areas recovery
implemented, landowners for implementing more desirable

land use practices.
The short-term target for restoring the neotropical
migratory bird little willow flycatcher is to restore ¯ Protect 50 percent of existing habitat areas
3,000 to 5,000 acres of riparian habitat in the from potential future degradation through
Delta Ecological Management Zone; 2,000 to acquisition of conservation easements or in-
3,000 acres in the Sacramento River Ecological fee title.
Management Zone; and, 3,000 to 5,000 acres in
the San Joaquin Ecological Management Zone. REFERENCE
The actions proposed to achieve this target will be
implemented in conjunction with actions taken byStrategic Plan for Ecosystem Restoration. 1999.
CALFED members and cooperating agencies to Appendix to the CALFED Bay-Delta Program
restore aquatic resources in and dependent on the Environmental Impact Statement
Bay-Delta /Environmental Impact Report. June 1999.
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¯ GIANT GARTER SNAKE

RESOURCE DESCRIPTION

Historic habitat areas used by these species have
been substantially reduced as a result of
converting land for agriculture, urban, or

uses or degraded as a ongoingindustrial resultof
land-use practices. Remaining habitat areas, such
as ponds, rivers, streams, lakes, marshes, and
irrigation ditches, are largely fragmented.
Associated uplands, used for reproduction and
hibernation, are largely unavailable. Upland
habitats adjacent to aquatic habitats are now
mostly isolated in small riparian bands along the

INTRODUCTION tributaries that supply water to the Sacramento and
San Joaquin Rivers and along canals with small

The giant garter snake is a species that lives in thelevees.
Central Valley of California. It inhabits sloughs,
low-gradient streams, marshes, ponds, small lakes,Because much of the original habitat used by these
agricultural wetlands, and other waterways, wherespecies has been lost, irrigation canals and ditches
it feeds on small fish and frogs during the active(especially canals with nearby vegetation) now
season. Populations of giant garter snake areprovide important replacement habitat for these
found throughout much of the ERP study areaspecies. Rice farming makes up a significant
including: the Feather River/Sutter Basin, Colusaportion of the agricultural activity in the
Basin, Butte Basin, Yolo Basin, East Side DeltaSacramento Valley, and drainage ditches
Tributaries, American River Basin, and portionsassociated with rice fanning practices provide
of the Sacramento-San Joaquin Delta Ecologicalmuch of this surrogate habitat. Adjacent breeding
Management Zones. The status of giant garterand hibernating cover, however, is often limiting
snake in the San Joaquin Valley is unknown. Thefor these species.
distribution and population of these species has
declined substantially, primarily as a result of theOther factors that limit these species populations
loss or degradation of wetlands and nearbyinclude:
uplands. The loss of habitat and declining
condition of these species’ populations has̄ some agricultural practices (e.g., diseing,
warranted the listing of the giant garter snake as mowing, burning, and applying herbicides and
threatened under the State and federal Endangered rodenticides) that degrade habitat or cause
Species Acts. mortality;

Major factors that limit these resources’̄ introduced large predatory fish that prey on
contribution to the health of the Delta are related juveniles and injure adults; and
to adverse effects of conversion of aquatic,
wetland, riparian, and adjacent upland habitats tō mortality caused by flooding of hibernation
other land uses and land use practices that degrade sites during heavy rains, floods, or for
the value of otherwise suitable habitat waterfowl.areas.

~
Vision for Giant Garter Snake~ ~r~
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VISION established programs aimed at restoring habitat
and populations.

The vision for the giant garter snake is to
contribute to the recovery of this State- andWetland restoration and management programs

federally listed threatened species in order tothat would improve habitat for these species

contribute to the overall species richness andinclude the Agricultural Stabilization and

diversity. Achieving this vision will reduce theConservation Service’s Wetland Reserve

conflict between protection for this species andProgram, the Wildlife Conservation Board’s

other beneficial uses of land and water in the Bay-Inland Wetlands Conservation Program,
restoration programs administered by DucksDelta.
Unlimited and the California Waterfowl
Association, and ongoing management of StateProtectingexistingand restoringadditional

suitable wetland and upland habitats will beand federal wildlife refuges and private duck

critical to achieving recovery of the giant garterclubs. Restoration efforts will be conducted in
cooperation with agencies or organizations withsnake. The ERPP’s proposed restoration of
responsibility or authority for restoring wetland

aquatic, wetland, riparian, and upland habitats inand aquatic habitats, including DFG, California
the Sacramento-San Joaquin Delta EcologicalDepartment of Water Resources, USFWS, U.S.
Management Zone will help in the recovery ofArmy Corps of Engineers, and the Delta
these species by increasing habitat quality andProtection Commission. USFWS is also preparing
area. a recovery plan for the giant garter snake that will

establish population recovery goals.
INTEGRATION WITH

OTHER RESTORATION LINKAGE WITH OTHER
PROGRAMS ECOSYSTEM ELEMENTS

Restoration projects to improve upland andRestoration of ecosystem processes and habitats
wetland agriculture and seasonal wetland andproposed by ERPP in other ecological
riparian habitats would be closely linked to themanagement zones will also allow natural
restoration of these species. The American Riverfloodplains, stream meanders, and seasonal pools
Basin is ecologically important because it containsto develop that assist in the recovery of their
the most stable populations of giant garter snakes,populations elsewhere in their historic ranges.
The Biological Resources Division of the USGS
is presently studying stable populations of giant STRATEGIC OBJECTIVE,
garter snakes that occur outside the American
River Basin. These include populations in the TARGETS, AND
Colusa Basin (Sacramento and Colusa National PROGRAMMATIC
Wildlife Areas), the Badger Creed areas of the
Cosumnes River Preserve, and the Gilsizer Slough ACTI O N S
area of the Sutter Basin. Restoration and
agricultural improvements will be developed for ~lk The Strategic Objective is to
implementation both north and south of the Delta.

~                 restore populations of giantgarter snake to its historical
Efforts to recover giant garter snake populations range.
will involve cooperation and support from other
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LONG-TERM OBJECTIVE: Establish or restore to provide forage habitat and escape cover, and
populations of giant garter snake in restoredcreate dispersal corridors by linking habitat areas.
marshlands through out its original range.

¯ Restore suitable adjacent upland habitat or
SHORT-TERM OBJECTIVE: Maintain present modify land use practices to render existing
populations with no further declines in size by uplands as suitable habitat and reestablish
ensuring that waterways known to being used by connectivity between wetland and upland
giant garter snakes have water in them year round, habitat areas, provide nest and hibernation

sites, and provide refuge habitat during
F~,’rlo~aa.E: The giant garter snake is listed by floods.
both state and federal governments as a threatened
species. Most of the original giant garter snakē Create buffer zones where none currently
habitat, freshwater marshes, has been lost to exist to improve habitat value.
agriculture. This snake resides in marsh habitat
where there are pools and sloughs that exist year REFERENCE
round to provide the frogs and invertebrates on
which they feed. This snake survives todayStrategic Plan for Ecosystem Restoration. 1999.
because small numbers live in rice fields and Appendix totheCALFED Bay-DeltaProgram
along irrigation ditches. Survival of the species, Environmental Impact Statement
however, is likely to depend upon increasing its /Environmental Impact Report. June 1999.
natural habitat through marsh restoration
combined with special protection measures on the
agricultural land it currently inhabits.

STAGE 1 EXPECTATIONS: Existing natural
habitats that have available water all year will
have been maintained, and key habitats in
agricultural areas identified for special
management.    Sites for freshwater marsh
restoration will have been identified and a
restoration programestablished.

The general target is to increase the population
size of snakes.giantgarter

General programmatic actions to protect occupied
habitat areas include the following:

¯ Implement a preservation plan to protect these
areas from adverse effects associated with
human encroachment and recreation,

¯ Create canals, side channels, and back-
flow pools containing emergent vegetation
within the South, East, and North Delta
Ecological Units of the Sacramento-San
Joaquin Delta Ecological Management Zone
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|                                   ’$’ CALIFORNIA TIGERSALAMANDER

I
Tiger salamanders typically inhabit scattered
ponds, intermittent streams, or vernal pools that

I are associated with grassland-oak woodland
habitat below Elevation 1500. Vernal pools
covering more than 250 square feet, with fairly

I turbid water, provide optimal habitats. Most
surface movements of the western spadefoot and
California tiger salamander, including breeding

I activity, are associated with the onset of fall and
spring rains that fill traditional breeding ponds.
Warm days followed by rains or high humidity

I levels at night trigger reproductive and foraging
activities and adults of these species sometimes

| NTRODUCTION appear in large numbers.

I The greatest threat to the continued existence ofThe California tiger salamander occur throughout
much oftheCentralValley, San FranciscoBay,the tiger salamander is habitat loss and

I competition by non-native species. Habitat loss isand coast ranges and foothills below 3,000 feet, as
a result of increased urbanization and conversionwell as along the coast in the southern portion of

the State. Declining populations have warrantedof native grasslands to agriculture. The spadefoot
and salamander may be found in high densities inI their designation as species of special concern

and species of concern by the California
isolated areas but adjacent breeding habitat is

Department of Fish and Game (DFG) and U.S. increasingly being converted for other uses.

Fish and Wildlife Service, respectively. Major
factors that limit these resources’ contribution toIntroduction of predatory fish and bullfrogs in

the health of the Delta are related to adverseknown breeding ponds is also an important factor

I effects of conversion of seasonal wetlands andattributed to the decline of these species. Juvenile

adjacent uplandstootherland uses and excessiveand adult bullfrogs can prey on larvae and

mortality resulting from introduction of non-nativeterrestrial forms of these native species. Other
important stressors that affect th~ spadefoot andI salamander are rodent control activities, which

predatorsandsomelandusepractices.

reduce the availability of summer estivation
RESOURCE DESCRIPTION (burrowing) sites. The use of rodent burrows may

I be for the Californiamore important tiger
California tiger salamander populations havesalamander than for western spadefoot. Research
declined primarily as a result of habitat loss oron the extent and necessity of burrow use by bothI degradation and competition or predation fromspecies would be valuable. In addition to rodent
non-native species. The abundance fromcontrol activities, development of roads between
population to population is unknown but isbreeding ponds and terrestrial habitats, resulting in

I influenced by the size and quality of individualdeaths from automobiles during the species’
habitat patches within the fragmented pockets thatmigrations, has also contributed to the decline.
the species are known to inhabit.

!
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i
VISION vernal pools that would improve habitat for the

California tiger salamander include:
¯
¯The vision for the California tiger salamander is tō

the Agricultural Stabilization andmaintain existing populations of this Federal
candidate species in the Bay-Delta. Achieving Conservation Service’s Wetland Reserve

[]
this vision will contribute to overall species Program, and

richness and diversity and reduce conflict between
the need for their protection and other beneficial̄ the Wildlife Conservation Board’s Inland ¯
uses of land and water in the Bay-Delta. Wetlands Conservation Program. |
Protecting and restoring existing and additional LINKAGE WITH OTHER ¯
suitable aquatic, wetland, and floodplain habitats ECOSYSTEM ELEMENTS ¯
and reducing the effect of other factors that can
suppress breeding success will be critical to theRestoration of the salamander populations is

Irecovery of the California tiger salamander,integrally linked with restoration of riparian and
Restoration of vernal pool habitats in thewetland habitat in the Central Valley.
Sacramento-San Joaquin Delta Ecological ¯
Management Zone will help recover this species
by increasing habitat quality and ~ea. Restoration STRATEGIC OBJECTIVE,
of ecosystem processes and habitats in other TARGETS, AND ¯
ecological management zones will also allow PROGRAMMATIC ¯
natural floodplains, meander corridors, seasonal
pools, and vernal pools to develop that will assist ACTIONS ¯
in the recovery of populations of these species |
elsewhere in their range.                                     The Strategic Objective is to

~~[b restore California tiger
IImplementing guidelines developed by DFG for salamander to representative

vegetation, grazing, traffic, and pest management habitats throughout its range.would increase these species’ reproductive
success and reduce the level of mortality from ¯
unnatural sources. These guidelines could beLONG-TERM OBJECTIVE: Establish refuges
implemented through cooperative agreements withfor California tiger salamander throughout its
landmanagementagenciesand organizations and range that will maintain its present genetic and ¯
development and implementation of incentiveecological diversity.
programs to encourage land use practices that
improve habitat conditions for and reduceSHORT-TERM OBJECTIVE." Identify and protect I
mort&lity on these species, remaining California tiger salamander populations

in the Bay-Delta watershed.

INTEGRATION WITH RATIONALE." California tiger salamander I
OTHER RESTORATION populations are disappearing rapidly in the Bay-

PROGRAMS Delta watershed because of habitat alteration,
Iespecially urban development, and introductions

of non-native fishes into their breeding ponds.
Wetland restoration and management programsThey require fish-free breeding ponds next to

Iwhich contribute to restoration or maintenance ofupland habitat containing rodent burrows in which
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!
they can over-summer. Patches of suitable habitats̄ drain waterways used by the spadefoot and
are naturally somewhat isolated from one another, salamander during the periods when these
promoting genetic diversity within the species species are be bydormantcould beneficial
which presumably reflects adaptations to local reducing populations of non-native predatory
conditions. Long-term survival of these diverse fish and bullfrogs.

I populations depends on numerous protected areas
containing both breeding ponds and upland REFERENCE
habitats.

i Strategic Plan for Ecosystem Restoration. 1999.
STAGE 1 EXPECTATIONS: A thorough survey Appendix to the CALFED Bay-Delta Program
of tiger salamander populations in the Bay-Delta Environmental Impact StatementI region will have been completed and actions taken /EnvironmentalImpactReport.June1999.
to protect remaining populations in counties
bordering the Bay-Delta system.

The general target for California tiger salamander
is to increase the population size.

I
General programmatic actions that will assist in
reaching the targets include:

¯ protecting existing habitats from urbanization
and conversion to irrigated pasture,

¯ improve degraded habitats,

i ¯ increase vernal pool habitats in the Central
Valley;

I ¯ reduce the use of herbicides that adversely
affect California tiger salamander and its
habitats;

I ¯ reduce mowing, to the extent feasible, to
control vegetation and livestock grazing near
occupied seasonal wetlands from October to

I March;

¯ reduce traffic, where feasible, on roadsl crossed by these species during migration
periods;

¯ develop alternative measures tocontrol
replace the use fumigants to control rodents;
and

!
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I
|¯ WESTERN SPADEFOOT TOAD

The western spadefoot toad is primarily a
lowlands species, frequenting washes, river

I floodplains, alluvial fans, playas, and alkali flats,
but also ranges into the foothills and mountain
valleys. Vernal pools covering more than 250

I square feet, with fairly turbid water, provide
optimal habitats. Most surface movements of the
western spadefoot, including breeding activity, are

I associated with the onset of fall and spring rains
that fill traditional breeding ponds. Warm days
followed by rains or high humidity levels at night

I trigger reproductive and foraging activities and
adults of these species sometimes appear in large

| NTRODUCTION numbers.

I The greatest threat to the continued existence ofThe western spadefoot occurs throughout much of
the Central Valley, San Francisco Bay, and coastthe toad is habitat loss and competition by non-

native species. Habitat loss is a result of increasedranges and foothills below 3,000 feet, as well as
along the coast in the southern portion of theurbanization and conversion of native grasslands

to agriculture. The spadefoot may be found inState. Declining populations have warranted their

I designation as species of special concern andhigh densities in isolated areas but adjacent

species of concern by the California Departmentbreeding habitat is increasingly being converted
for other uses.of Fish and Game (DFG) and U.S. Fish and

i Wildlife Service, respectively. Major factors that
limit these resources’ contribution to the health ofIntroduction of predatory fish and bullfrogs in

known breeding ponds is also an important factorthe Delta are related to adverse effects of

I conversion of seasonal wetlands and adjacentattributed to the decline of these species. Juvenile

uplands to other land uses and excessive mortalityand adult bullfrogs can prey on larvae and

resulting from introduction of non-nativeterrestrial forms of these native species. Other

I predators and some land use practices, important stressors that affect the spadefoot are
rodent control activities, which reduce the
availability of summer estivation (burrowing)

RESOURCE DESCRIPTION sites. The use of rodent burrows may be more
I for the California salamander thanimportant tiger

Western spadefoottoad populations have declinedfor western spadefoot because spadefoots can
primarily as a result of habitat loss or degradationbuild their own burrows and also use other

i and competition or predation from non-nativeappropriate niches. Research on the extent and
species. The abundance from population tonecessity of burrow use by both species would be
population is unknown but is influenced by thevaluable. In addition to rodent control activities,

I size and quality of individual habitat patchesdevelopment of roads between breeding ponds and
within thefragmentedpocketsthatthespeciesareterrestrial habitats, resulting in deaths from
known to inhabit, automobiles during the species’ migrations, has

I also contributed to the decline.

Volume k Ecosystem Restora~on Program Plan
Vision for Western Spadefoot

June 1999

327

C’01 921 3
C-019213



VISION vernal pools that would improve habitat for the
western spadefoot include:

The vision for the western spadefoot toad is to
maintain this California species of special concern

¯ the Agricultural Stabilization and

in the Bay-Delta. Achieving this vision will Conservation Service’s Wetland Reserve

contribute to overall species richness and diversity Program, and

and reduce conflict between the need for their
protection and other beneficial uses of land and

¯ the Wildlife Conservation Board’s Inland

water in the Bay-Delta. Wetlands Conservation Program.

Protecting and restoring existing and additional LI N KAGE WITH OTH ER
suitable aquatic, wetland, and floodplain habitats ECOSYSTEM ELEM ENTS
and reducing the effect of other factors that can
suppress breeding success will be critical to theRestoration of the toad and salamander
recovery of the western spadefoot. Restoration ofpopulations is integrally linked with restoration of
vernal pool habitats in the Sacramento-Sanriparian and wetland habitat in the Central Valley.
Joaquin Delta Ecological Management Zone will
help recover this species by increasing habitat

STRATEGIC OBJECTIVE,quality and area. Restoration of ecosystem
processes and habitats in other ecological TARGETS, AND
management zones will also allow natural PROGRAMMATICfloodplains, meander corridors, seasonal pools,
and vernal pools to develop that will assist in the ACTIONS
recovery of spadefoot populations.

~The
Strategic Objective is to

Implementing guidelines developed by DFG for restorespadefoot populations
vegetation, grazing, traffic, and pest management to representative habitats
would increase these species’ reproductive throughout itsrange.
success and reduce the level of mortality from
unnatural sources. These guidelines could be
implemented through cooperative agreements withLONG-TERM OBJECTIVE: Establish refuges
land management agencies and organizations andfor California spadefoot toad throughout its range.
development and implementation of incentive
programs to encourage land use practices thatSHORT-TERM OBJECTIVE." Identify and
improve habitat conditions for and reduceprotect remaining spadefoottoad populations in
mortality on these species, the Bay-Delta watershed.

P~-rloNm.E: Spadefoot toad populations are
[NTEGRATION WITH disappearing rapidly in the Bay-Delta watershed

OTHER RESTORATION because of habitat alteration, especially urban

PROGRAMS development, and introductions of non-native
fishes into their breeding ponds. They require
fish-free breeding ponds next to upland habitat in

Wetland restoration and management programswhich they can burrow for over summering. These
which contribute to restoration or maintenance ofhabitats are naturally somewhat isolated from one

another, promoting genetic diversity within the
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species which presumably reflects adaptations to reducing populations of non-native predatory
local habitat conditions. Long-term survival of fish and bullfrogs.
these diverse populations depends on protected
areas containing both breeding ponds and upland REFERENCE
habitats.

Strategic Plan for Ecosystem Restoration. 1999.
STAGE 1 EXPECTATIONS: A thorough survey Appendix to the CALFED Bay-Delta Program
of spadefoot toad populations in the Bay-Delta Environmental Impact Statement
watershed will have been completed and actions /Environmental Impact Report. June 1999.
taken to protect remaining populations in counties
bordering the Bay-Delta system.

The general target for western spadefoot is to
increase the population size of each species.

General programmatic actions that will assist in
reaching the targets include:

¯ protecting existing habitats from urbanization
and conversion to irrigated pasture,

¯ improve degraded habitats,

¯ increase vernal pool habitats in the Central
Valley;

¯ reduce the use of herbicides that adversely
affect western spadefoot and California tiger
salamander and their habitats;

¯ reduce mowing, to the extent feasible, to
control vegetation and livestock grazing near
occupied seasonal wetlands from October to
March;

¯ reduce traffic, where feasible, on roads
crossed by these species during migration
periods;

¯ develop alternative control measures to
replace the use fumigants to control rodents;
and

¯ drain waterways used by the spadefoot and
salamander during the periods when these

dormant could be beneficialspecies by
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|̄
CALIFORNIA RED-LEGGED FROG

numbers appear to be declining in both places.
Reasons for the decline of this species include the
degradation and loss of critical wetland breedingI and adjacent terrestrial habitats.

i Human-caused stressors add to the species
decline. In occupied species-areas, some
agricultural practices, such as discing, mowing,
burning, and pest control, result in direct mortalityI of habitat. The introduction ofor degradation
non-native fish, bullfrbgs, and crayfish, all of
which prey on larval, juvenile, or adult red-leggedi increases the threat to the survival of thisfrogs

INTRODUCTION species. Some introduced predatory fish are large
enough to injure some adults and eat juvenile red-

i legged frogs. The only reasonably protected
The California red-legged frog is California’spopulation in the Central Valley is the Corral
largest native frog. Its habitat is characterized byHollow Ecological Reserve. However, this

I dense, shrubby riparian vegetation associated withreserve is currently threatened by siltation from
deep, still, or slow-moving water that Supports off-road vehicle use and livestock grazing.
emergent vegetation. The distribution and

i population of this species has declined
substantially, primarily as a result of habitat loss VISION
or degradation and excessive predation. The loss
of habitat and declining condition of the species’The vision for the California red-legged frog is to

I population have warranted its listing as threatenedmaintainpopulationsof this federally listed
under the federal Endangered Species Act and athreatened species. Achieving this vision will
Species of Special Concern by DFG. Major contribute to the overall species richness and

I the diversity and to reduce conflict between protectionfactorsthatlimitthisresource’scontributionto
health of the Delta are related to adverse effects offor this species and other beneficial uses of land
the loss or degradation of critical wetland andand water in the Bay-Delta.

I habitats and the introduction ofriparian non-
native predators. Protecting existing and restoring additional

suitable aquatic, wetland, and riparian habitats and

I reducing mortality from non-native predators willRESOURCE D ESCRI PTION
be critical to achieving recovery of the California

The California red-legged frog historicallyred-legged frog. Restoration of aquatic, wetland,

I occurred throughout the Central Valley and nowand riparianhabitatsin the Sacramento-San
exists only in small isolated populations scatteredJoaquin Delta Ecological Management Zone will

i throughout its historical range. Its current range ishelp in the recovery of this species by increasing
chiefly west of the Cascade-Sierra crest fromhabitat quality and area. Establishing emergent
Redding in Shasta County, California, tovegetation (Salix sp., Typha sp., and Scirpus spp.)
northwest BajaCalifornia. Small populations stillin canals, side channels, and backflow pools

I exist in the Central Valley and Sierra Nevada, but provide breeding forage escapewould habitat, and
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cover for the California red-legged frog.¯ restoration programs administered by Ducks
Establishing these habitats in each ecological unit Unlimited and the California Waterfowl
of the Sacramento-San Joaquin Delta Ecological Association, and
Management Zone would create migration
corridors by linking habitat areas. ¯ ongoing management of State and federal

wildliferefugesandprivateduckclubs.
Restoration of ecosystem processes and habitats
in other ecological management zones will alsoRestoration efforts will be conducted in
allow natural floodplains, stream meanderings,cooperation with agencies or organizations with
and seasonal pools to develop that will assist inresponsibility or authority for restoring wetland
the recovery of population elsewhere in the red-aquatic habitats including:
legged frog’s range. Restoring optimal red-
legged frog habitat will also reduce its̄ Califomia DepartmentofFishandGame,
susceptibility to predation and will reduce suitable
habitat conditions for non-native predators. ¯ California Department of Water Resources,

California red-legged frog cannot be adequatelȳ U.S. Fish and Wildlife Service,
restored to the Central Valley or the foothill areas
without re-introduction. Recovery strategies̄ U.S. Army Corps of Engineers, and
should focus on property acquisition to preserve
areas where the frog is present and to conduct̄ Delta Protection Commission.
detailed surveys in the westem valley and Sierran
foothills for remnant populations. Bullfrog LINI~II~HE WITH OTHER
predation is a major concern and focused predator ECOSYSTEM ELEMENTSmanagement should be developed and
implemented on a case-by-case basis in areas
identified as important to frog populations.Restoration of the red-legged frog populations is

Reintroductions on State and Federal refuge landsintegrally linked with restoration of riparian and

with a predator management scheme should bewetland habitat in the Central Valley.

considered.
STRATEGIC O BJ ECTIVE,

INTEGRATION WITH TARGETS. AND
OTHER RESTORATION PROGRAMMATIC

PROGRAMS ACTIONS

,Wetland restoration and management programs
The Strategic Objective is tothat would improve habitat for the California red-

A restore California red-leggedlegged frog include: frog to representative habitats

¯ the Agricultural Stabilization and throughout its former range.

Conservation Service’s Wetland Reserve
Program, LONG-T~=RM OBd~:e’rlVE-" Develop refuges in

habitats throughout its former range that will each
¯ the Wildlife Conservation Board’s Inland maintain 100+ breeding pairsofred-legged frogs,

Wetlands Conservation Program, established from reintroductions.
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SHORT-TERM OBJECTIVE." Locate and protect m develop predator (bullfrog) control programs,
any remaining populations of red-legged frogs in
the Bay-Delta watershed, m increase wetland and riparian habitats in the

Central Valley;
RATIONALE: Red-legged frogs are virtually
extinct in the region, with just a handful of̄ reduce the use of herbicides that adversely
tenuous populations remaining in the Central affect red-legged frog and their habitats; and
Valley and bay region (none near the estuary).
Their inability to recover from a presumed major= use fumigants to control rodents from only
population crash in the 19th century (due to October to March in known occupied habitats.

theoverexploitation) has been result of a
combination of factors (in approximate order of REFERENCE
importance): (I) predation and competition from
introduced bullfrogs and fishes; (2) habitat loss,Strategic Plan for Ecosystem Restoration. 1999.
(3) pesticides and other toxins, (4) disease, and (5) Appendix to the CALFED Bay-Delta Program
other factors. Because of the poor condition of the Environmental Impact Statement
few remaining frog populations and the continued /Environmental Impact Report. June 1999.
existence of major causes of their decline, this
objective may not be achievable in either the short
or long term. Any refuge developed for this
species will require continuous intensive
management and development of experimental
barriers to exclude non-native species. The
long-term goal will be achievable only if the
refuge experiments work and are cost-effective
(e.g., it might be better to put dollars into restoring
areas outside the region where red-legged frogs
still maintain populations naturally). Refuges for
red-legged frogs will benefit other at-risk species
as well, such as giant garter snakes, Pacific pond
turtles, and tiger salamanders.

STAGE 1 EXPECTATIONS-" All red-legged
frogs populations in the region will have been
located and protective measures taken where
feasible. At least one experimental population
will have been established.

The general target is to increase the population
size and distribution of the red-legged frog.

General programmatic actions to assist in reaching
the target include:

m acquire land to preserve areas where frogs are
present,

~ ~
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I
" � NATIVE ANURAN AMPHIBIANS
I Water is essential for the anurans, yellow-legged

frogs prefer partially shaded, moving water that

I stays cool all year. Stream alteration such as
dams, clearing and destruction of natural water
courses, and ponds increases ambient water
temperatures and makes habitat unsuitable.
Cascades frogs need standing water for
reproduction and hibernate at the bottom of

I mountain lakes and ponds during the winter.
Optimal habitat for Yosemite toads is mountain
ponds and wet meadows where they lay their eggs

I in still water. During inactive periods they will
hide in rodent burrows or move to adjacent
forests. When disturbed they will o~en hop into
nearby water.I INTRODUCTION
Reproductive methods and habitat selection for

I Anuran amphibians include tailed frogs, spadefootspawning varies among the species. Foothill and
toads, true toads, treefrogs, and true frogs. Theremountain yellow-legged frogs lay egg masses on
are several species that have been listed incobble sized gravel or rocks. Foothill yellow-
California that could be further impacted bylegged frogs need cool water for properI CALFED, including the Yosemite toad, western Mountain dodevelopment. yellow-leggedfrogs
spadefoot, California red-legged frog, Cascadesnot start reproduction until the ice melts in the
frog, foothill yellow-legged frog, and mountainlakes and streams and tadpoles may need up to

I yellow-legged frog. These species have beentwo over-wintering periods to complete their
impacted by habitat loss as well as by predation bydevelopment. The Cascades frog deposits eggs in
introduced species. For more specific information, clear shallow water with gravelly, sandy or silty

I on western spadefoot and California red-leggedbottoms, while the Yosemite toad lays its eggs in
frogs refer to their previously presented sections,shallow, quiet pools. Most eat terrestrial and

aquatic insects, worms, fish, smaller amphibians,

I RESOURCE DESCRIPTION and other tadpoles.

The species that may be affected by CALFED The populations have declined due to habitat loss

I in different in the and and predation by bullfrogs and centrarchids.occur areas valley
watersheds of California and there are differingIntroduction of bullfrogs and centrarchids to many

resource requirements for each species. Habitatinland streams and ponds has resulted in predation

I varied including vernal pools, of all life stages of the native anurans. They haverequirementsare
grassland, valley-foothill hardwood woodlands,not been found to coexist with bullfrogs without

montane wet meadows, and hardwood-coniferbullfrogs becoming the prevailing species.

I seasonal ponds associated with lodgepole pine,
ponderosa pine, and subalpine conifer forests,
quiet pools in marshes, stock ponds, mountain

I lakes and streams, valley-foothill riparian, coastal
scrub, and mixed chaparral.
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VISION Restoration efforts will be in cooperation with
other agencies that have authority to conduct

The vision for native anuran amphibians is torestoration projects including:

contribute to their restoration. This will be
accomplished by stopping habitat loss and thē California Department ofFish and Game

introduction of other species that prey on the
different life stages of these amphibians. Ongoing

¯ California Department of Water Resources

surveys to monitor known populations and find
U.S. FishandWildlifeService,andsubsequent populations is essential to gauge the

health of the species. To stabilize and increase
anuran populations, non-native predator species̄ U.S. Army Corp of Engineers.

should be eliminated from historical habitat
ranges. Increasing suitable habitat and having LINKAGE WITH OTHER
clean water supplies that fit the needs for the ECOSYSTEM ELEMENTS
different species is essential. It will be essential to
reintroduce anurans to a reclaimed area afterRestoration of native anuran amphibian
habitat requirements are met. populations will also effect restoration of reptiles

and other amphibians that coexist in the same
I NTEGRATION WITH types of habitats. It will be linked to restoring the

OTHER RESTORATION overall health to many different types of habitats
within the Central Valley as well as the Cascade,

PROGRAMS Coast, and Sierra mountain ranges.

Restoration and management programs that could STRATEGIC OBJECTIVE,benefit anuran populations and that would
improve habitat include: TARGETS, AND

¯ the Agricultural Stabilization and
PROGRAMMATIC

Conservation Service’s Wetland Reserve ACTIONS
Program,

A
The Strategic Objective is to

¯ the Wildlife Conservation Board’s Inland restore    native    anuran
Wetlands Conservation Program, amphibians throughout the

Central Valley.
¯ restoration programs administered by Ducks

Unlimited and the California Waterfowl
Association, LONG-TERM OBJECTWE: Have self-sustaining

populations of all native anuran amphibians
(frogs, toads) present throughout their native¯ on going management of State and Federal

wildlife refuges and private duck clubs, and ranges, in all major watersheds in the Bay-Delta
watershed.

¯ Efforts by CALFED Common Programs will
benefit some anuran species in the upperSHORT-TERM OBJECTIVE’- Determine the

watersheds, causes of anuran amphibian declines in the Bay-
Delta watershed, develop restoration strategies,
and implement them where feasible.
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I RATIONALE: The frogs and toads of California REFERENCES
are in a general state of decline, but especially in

I the Central Valley watershed. The ranid frogsStrategicPlanfor EcosystemRestoration.1999.
(red-legged frog, foothill yellow-legged frog, Appendix to the CALFED Bay-Delta Program
mountain yellow-legged frog, cascades frog) are Environmental Impact StatementI in steep decline. Foothill yellow-legged frogs, for /EnvironmentalImpactReport.June1999.
example, have virtually disappeared from the San
Joaquin drainage since the 1970s (when they were       United States Fish and Wildlife Service, Status

I still common). Red-legged frogs have become so
rare they are federally listed as endangered (and

and Trends Report on Wildlife of the San
Francisco Estuary, San Francisco Estuary

are treated separately as a consequence). Project, 1992.
I Although the decline of these amphibians can be

tied to global amphibian declines, the principalZeiner, David C., William F. Laudenslayer, Jr.,
causes are probably regional: introduced species Kenneth E. Mayer (ed.), California’s Wildlife

I and airborne pesticides. Because pesticides also Volume 1 Amphibians and Reptiles,
have effects on human health, any changes in
farming practices to protect humans also should

Department of Fish and Game, Sacramento,

I be designed to protect amphibians.
1988.

STAGE 1 EXPECTATIONS: Complete status

I surveys of all anuran amphibians will have been
completed and the major causes of declines should
be determined. Long-term plans will have been

i developed and instituted to create conditions that
will allow populations to recover throughout their
ranges.

I The general target to populationis increase sizes
and distribution of the native anurans through out

i historical habitat ranges.

General programmatic actions to assist in reaching
the target include:

I          ¯ acquire land that would increase anuran
habitat and develop good water sources that

I meet population needs.

¯ develop predator control plans for bullfrogs

I and centrarchids,

¯ reintroduce native anurans to habitats that

I predators are eliminated.

Volume I: Ecosystem Restoration Program Plan
Vision for Native Anuran Amphibians

June 1999

335

C--01 9221
C-019221



WESTERN POND TURTLE

Historic habitat areas used by these species have
been substantially reduced as a result of
converting land for agriculture, urban, or
industrial uses or degraded as a result of ongoing
land-use practices. Remaining habitat areas, such
as ponds, rivers, streams, lakes, marshes, and
irrigation ditches, are largely fragmented.
Associated uplands, used for reproduction and
hibernation, are largely unavailable. Upland
habitats adjacent to aquatic habitats are now
mostly isolated in small riparian bands along the
tributaries that supply water to the Sacramento and
San Joaquin rivers and along canals with small

INTRODUCTION levees.

The loss of habitat and declining condition has
Because much of the original habitat used by these

warranted the listing of the western pond turtle as
species has been lost, irrigation canals and ditches

a species of concern by U.S. Fish and Wildlife
(especially canals with nearby vegetation) now

Service (USFWS) and a Species of Specialprovide important replacement habitat for these

Concern by California Department of Fish andspecies. Rice fanning makes up a significant
portion of the agricultural activity in the

Game (DFG).                                    Sacramento Valley, and drainage ditches

associated with rice farming practices provide
Major factors that limit these resources"
contribution to the health of the Delta are relatedmuch of this surrogate habitat. Adjacent breeding

to adverse effects of conversion of aquatic,andhibernatingcover,however,is oftenlimiting

wetland, riparian, and adjacent upland habitats to
for these species.

other land uses and land use practices that degrade
the value of otherwise suitable habitat areas.

Other factors that limit these species populations
include:

RESOURCE DESCRIPTION = some agricultural practices (e.g., discing,
mowing, burning, and applying herbicides and

The western pond turtle inhabits ponds, rivers, rodenticides) that degrade habitat or cause
streams, lakes, marshes, and irrigation ditches mortality;
with rocky or muddy bottoms. Dense cover and
exposed basking sites are important components̄ introduced large predatory fish that prey on
of these wetland habitat types. The western pond juveniles and injure adults; and
turtle inhabits every region of California except
drainages on the eastern slope of the Sierrā mortality caused by flooding of hibernation
Nevada. Population densitiesvary, however, and sites during heavy rains, floods, or for
are highly influenced by the quality of isolated waterfowl.
habitats. A disproportionately large percentage
western pond turtle populations are adults,
indicating poor reproductive success.
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VISION and federal wildlife refuges and private duck
clubs. Restoration efforts will be conducted in

The vision for the western pond turtle is to
cooperation with agencies or organizations with

maintain the abundance and distribution of this
responsibility or authority for restoring wetland

California species of special concern in order to
and aquatic habitats, including DFG, California

contribute to the overall species richness andDepartment of Water Resources, USFWS, U.S.

diversity. Achieving thisvisionwillreduce the
Army Corps of Engineers, and the Delta

conflict between protection for this species andProtection Commission. USFWS is also preparing

other beneficial uses of land and water in the Bay-a recovery plan for the giant garter snake that will

Delta. establish population recovery goals.

Protecting existing and restoring additional LINKAGE WITH OTHER
suitable wetland and upland habitats will be ECOSYSTEM ELEMENTS
critical to achieving recovery of the giant garter
snake and western pond turtle. The EcosystemRestoration of ecosystem processes and habitats
Restoration Program Plan’s (ERPP’s) proposedproposed by ERPP in other ecological
restoration of aquatic, wetland, riparian, andmanagement zones will also allow natural
upland habitats in the Sacramento-San Joaquinfloodplains, stream meanders, and seasonal pools
Delta Ecological Management Zone will help into develop that assist in the recovery of their
the recovery of these species by increasingpopulations elsewhere in their historic ranges.
habitat quality and area.

STRATEGIC OBJECTIVE,
INTEGRATION WITH TARGETS, AND

OTHER RESTORATION PROGRAMMATIC
PROGRAMS ACTIONS

Restoration projects to improve upland and
wetland agriculture and seasonal wetland and The Strategic Objective is to
riparian habitats would be closely linked to the ,~,                  restore self-sustaining
restoration of these species. ~, populations of western pond

turtles to habitats throughout
Efforts to recover western pond turtle populations ¯ the Central Valley, including
will involve cooperation and support from other the Delta.
established programs aimed at restoring habitat ’
and populations. LONG-TERM OBJECTWE: Restore self-

sustaining populations of western pond turtles to
Wetland restoration and management programshabitats throughout the Bay-Delta watershed
that would improve habitat for these speciesincluding the Delta.
include the Agricultural Stabilization and
Conservation Service’s Wetland ReserveSHORT-TERM OBJECTIVE: Determine the
Program, the Wildlife Conservation Board’s status and habitat requirements of pond turtles
Inland Wetlands Conservation Program,throughout the region and develop a conservation
restoration programs administered by Ducksstrategy in concert with habitat protection
Unlimited and the California Waterfowl measures.
Association, and ongoing management of State

~ CtL~
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I
RATIONALE: The westem pond turtle is the Sacramento-San Joaquin Delta Ecological
only turtle native to the Central Valley region and Management Zone to provide forage habitat and

I to much of the western United States. Although escape cover, and create dispersal corridors by
considered to be just one widely distributed linking habitat areas.
species, it is likely that the pond turtle is a

I complex of closely related species, each adapted ¯ Restore suitable adjacent upland habitat or
for a different region. The Pacific pond turtle is modify land use practices to render existing
still common enough in the Bay-Delta watershed uplands as suitable habitat and reestablish

I so that it is not difficult to find them in habitats connectivity between wetland and upland
ranging from sloughs of the Delta and Suisun habitat areas, provide nest and hibernation
Marsh to pools in small streams. The problem is sites, and provide refuge habitat during

I that most individuals seen are large, old floods.
individuals; hatchlings and small turtles are
increasingly rare. The causes of the poor ¯ Create buffer zones where none currently

I reproductive success are not well understood but exist to improve habitat value.
factors that need to be considered include
elimination of suitable breeding sites, predation on R E F E R E N ~ E

I hatchlings by non-native predators (e.g.,
largemouth bass, bullfrogs), predation on eggs by Strategic Plan for Ecosystem Restoration. 1999.
non-native wild pigs, diseases introduced by Appendix totheCALFEDBay-DeltaProgram

I non-native turtles, and shortage of safe upland Environmental Impact Statement
over-wintering refuges.    If present trends /Environmental Impact Report. June 1999.
continue, the western pond turtle will deserve

i listing as a threatened species (it may already).

STAGE 1 ~XP=eTA~ONS: Populations of
turtles that appear to still have successful

I          reproduction will have been and protected,located
in conjunction with other habitat protection
measures. Causes of the decline should beI determined and plan developed baseda recovery
on the findings.

I The general target is to increase the population
size of western pond turtles.

I General programmatic actions to protect occupied
habitat areas include the following:

I ¯ Implement a preservation plan to protect these
areas from adverse effects associated with
human encroachment and recreation,

¯ Create canals, side channels, and back-
flow pools containing emergent vegetation

I within the South, East, and North Delta
Ecological Management Units of the
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I
¯ DELTA GREEN GROUND BEETLE

I
INTRODUCTION beetle predominately inhabits the borders of

vernal pools and Olcott Lake at the Jepson Prairie

I listed Preserve. The primary threats to the survival ofTheDelta groundbeetle,green a federally
the Delta green ground beetle have been, andthreatened species, is associated with vernal pool

habitats. The distribution and populations of thiscontinue to be, loss and alteration of its wetland

I habitat primarily because of agriculturalspecies has declined substantially, primarily as a
result of the loss or degradation of habitats withinconversion (i.e., the plowing and leveling of land);

its range. The loss of habitat and declininggazing; fiver channelization; and construction of

I condition of these species populations havedams, drainage ways, and pipelines.

warranted their listing as threatened or endangered
under the federal Endangered Species Act. VISION

I
Major factors that limit this resource’sThe vision for the Delta green ground beetle is to
contribution to the health of the Delta are relatedcontribute to the recovery of this federally listed
to adverse effects of conversion of native habitatsthreatened species by increasing their populations
for agricultural, industrial, and urban uses, andand abundance through habitat restoration.
land and water management practices that degrade

I habitats usedbythesespecies. Protecting existing and restoring additional
suitable seasonal wetlands, including vernal pools,

RESOURCE DESCRIPTION and associated grasslands will be critical to

I recovery of the Delta green ground beetle in the

The Delta green ground beetle is found at theBay-Delta. Restoration of these habitats in the

Jepson Prairie Preserve in Solano County, whichSacramento-San Joaquin Delta Ecological

I is in the Yolo Basin Ecological ManagementManagement Zone will help maintain healthy

Zone. The Delta green ground beetle and its soft-populations by increasing the quality and quantity
of habitats used by this species.bodied prey species are most often observed on

I moist environments such as those provided by
Olcott Lake and vernal pools within the JepsonThe Delta green ground beetle would also benefit
Prairie Preserve. Vernal pools and aquaticfrom cooperative management strategies with

i seasonal habitats supply the critical needs of theThe Nature Conservancy’s Jepson Prairie

Delta green ground beetle. Entomologists believePreserve.

that appropriate conditions for the species are

I found in open, moist habitats with limited INTEGFIATION WITH
vegetative cover. OTHER RESTORATION

I Since 1974, entomologists have seen or collected PROGRAMS
only 75 adult Delta green ground beetles in the
preserve area. Although the historical distributionThere are a number of programs that involve these

I of the Delta green ground beetle is unknown, thespecies:
widespread disruption of wetland and grassland
habitats in the Central Valley over the last 150̄ U.S. Fish and Wildlife Service,

I years strongly suggests that the range of the beetlē California Department of Fish and Game
has been reduced and fragmented. Today, the (DFG),
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¯ Califomia State Parks and Recreation, and increasing habitat are two ways to increase
¯ Riparian Habitat Joint Venture, population size but until we know what the ideal
¯ DFG’s Calhoun Cut Reserve, and habitat is, a mixture of habitats that could be used
¯ TNC’s Jepson Prairie Preserve. by this species is essential.

STAGE 1 EXPECTATIONS: The existingLINKAGE WITH OTHER
population of Delta green ground beetle will have

ECOSYSTEM ELEMENTS been studied in order to develop a clearer idea of
what its habitat requirements are. Additional

Restoration of these species is integrally linkedareas of vernal pool habitat in Solano County will
with restoration of seasonal wetland, riparian,have been acquired and managed for the beetle
inland dune, perennial aquatic, and grasslandand other native species.
habitats in the Central Valley and are adversely
influenced by the detrimental effects of invasiveThe following general target will assist in meeting
plant species, the implementation objective:

STRATEGIC OBJECTIVE, ¯ Increase the numbers and distribution of Delta
greengroundbeetle.

TARGETS, AND
PROGRAMMATIC The following general programmatic actions will

ACTIONS assist in meeting the targets:

¯ Protect and restore wetland, riparian, and
The Strategic Objective is to grassland habitat.

~ restore Delta Green Ground
Beetle to multiple populations ¯ Implement control measures to eradicate

. within its presumed natural invasive plant species.
range.

¯ Design and manage restored seasonal

LONG-TERM OBJECTIVE: Expand the existing wetlands and grasslands near Delta green

population of Delta green ground beetle and ground beetle populations to improve habitat

establish at least three additional populations to quality for the species.

remove it from the federal threatened species list.
¯ Introduce species into unoccupied or restored

SHORT-TERM OBJECTIVE: Expand the habitat areas.

existing population levels of Delta green ground
beetle by increasing and improving its habitat.

¯ Reduce land and water management practices
that degrade habitats used by these species.

RAT~ONAt.E: The Delta green ground beetle is
federally listed as a threatened species that is REFERENCE
currently known only from Jepson Prairie
Preserve (Solano County). Habitat requirementsStrategic Plan for Ecosystem Restoration. 1999.
for this species are not clearly understood but the Appendix to the CALFED Bay-Delta Program
beetles seem to require open places near vernal Environmental Impact Statement
pools. A better knowledge would help restoration /Environmental Impact Report. June 1999.
efforts. Limiting pesticide use in adjacent areas
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¯ LANGE’S METALMARK BUTTERFLY

I NTRODUCTION VISION

The Lange’s metalmark butterfly, a federallyThe vision for the Lange’s metalmark butterfly is
listed endangered species are associated withto recover this federally listed endangered species
inland dune habitats. The distribution andby increasing the existing Lange’s metalmark
populations of these species have declinedpopulation distribution and by increasing its
substantially, primarily as a result of the loss orabundance.
degradation of these habitats within their range.
The loss of habitat and declining condition ofProtecting existing and restoring additional
these species populations have warranted theirsuitable inland dune scrub habitat will be critical
listing as threatened or endangered under theto maintaining and increasing the abundance of
federal Endangered Species Act. the Lange’s metalmark population in the Bay-

Delta. Habitat restoration in the Sacramento-San
Major factors that limit this resource’sJoaquin Delta Ecological Management Zone will
contribution to the health of the Delta are relatedhelp maintain healthy populations by increasing
to adverse effects of conversion of native habitatsthe quality and quantity of this species habitat..
for agricultural, industrial, and urban uses, and
land and water management practices that degrade | NTEGRATION WITHhabitats used by these species.

OTHER RESTORATION
RESOURCE DESCRIPTION PROGRAMS

The preferred habitat of Lange’s metalmark, aThere are a number of programs that involve these
butterfly, is inland dune scrub. The Lange’sspecies:
metalmark is dependent on its host plant, naked
buckwheat. The present range of Lange’s=_ U.S. Fish and Wildlife Service,
metalmark has been reduced to about 70 acres of
suitable habitat within the Antioch Dunes National̄ California Department of Fish and Game
Wildlife Refuge and on a few small parcels of (DFG),
privately held land on the eastern flank of the
refuge. Over a 9-day sampling period in 1977,¯ California State Parks and Recreation,
biologists estimated that only 400 adult butterflies
remain at the Little Corral site. From 1986 to ¯ Riparian Habitat Joint Venture, and
1991, the population increased exponentially,
from approximately 160 butterflies to nearly¯ DFG’s Calhoun CutReserve.
2,000. In 1992, the population fell to about one-
third of the peak level, but by 1996 had recovered LINKAGE WITH OTHER
to more that 2,000 butterflies. A wide variety of
stressors (e.g., land use, wildfire, non-native plant ECOSYSTEM ELEMENTS
species, sand mining, fences, and human-related
disturbance) that degrade this species’ habitatRestoration of these species is integrally linked
have contributed to the endangered status ofwith restoration of seasonal wetland, riparian,
Lange’s metalmark, inland dune, perennial aquatic, and grassland
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habitats in the Central Valley and are adverselyin the reserve and in suitable areas outside the
influenced by the detrimental effects of invasivereserve.
plant species.

The following general targets will assist in

STRATEGIC OBJ ECTIVE, meeting the implementation objective:

TARGETS, AND ¯ Increase the number and distribution of
PROGRAMMATIC Lange’s metalmark.

ACTIONS The following general programmatic actions will
assist in meeting the targets:

The Strategic Objective is to

~ restore Lange’s metalmark ¯ Implement control measures to eradicate
butterfly to multiple invasive plant species.
populations within its natural
range.                               ¯ Increase the amount of inland dune scrub

habitat.

LONG-TERM OBJECTIVE: Restore Lange’s
metalmark butterfly to populations throughout its̄ Develop cooperative management strategies

with the Antioch Dune Ecological Reserveinland dune scrub habitat, to the point where it can
be removed from the federal endangered species that protect and and manage existing habitat

list. areas.

SHORT-TERM OBJECTIVE: Create multiple
¯ Maintain healthy populations of naked

populations of Lange’s metalmark butterfly within buckwheat within inland dune scrub habitats.

the Antioch Dunes region. ¯ Enhance the formation of active dunes by

RATION/M.E: Lange’s metalmark butterfly is such means as importing clean sand of

listed as endangered by the federal government appropriate dimensions, reducing stabilizing

because it exists as just one small population in vegetation, and increasing topographic relief,

one small protected area, Antioch Dunes dune height, and the frequency of steep

Ecological Reserve. The reserve is a remnant of north/northwest facing erosional slopes with

the coastal dune scrub habitat that was once sparse vegetation cover.

widespread in the Antioch area. This butterfly
depends on one host plant species, naked REFERENCE
buckwheat, for the survival of its young. Thus
protection of this site from disturbance, fires andStrategic Plan for Ecosystem Restoration. 1999.
invasions of exotic plant species is paramount for Appendix to the CALFED Bay-Delta Program

the survival of the butterfly. Environmental Impact Statement
/Environmental Impact Report. June 1999.

STAGE 1 ~:XP~:eTA’nONS: The population size
and area inhabited by Lange’s metalmark butterfly
in Antioch Dunes Ecological Reserve will have
been increased substantially. Restoration of the
native dune scrub plant community and naked
buckwheat populations will have continued both
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¯ CALIFORNIA FRESHWATER SHRIMP

~ ..... bands and exposed roots. The exposed roots are
,.,~, ...... ~,. the preferred winter habitat. Bankside bushes,
"~>:~÷,~..,~.:.,, vines and sedges that extend into the water

~’~" provide favorable conditions for the shrimp,
":~ especially in the late spring and summer months.

Freshwater shrimp appear to tolerate warm water
temperatures (>73°F) and no-flow conditions that
are detrimental or fatal to native salmonids.
Laboratory studies indicate the freshwater shrimp
should be able to tolerate brackish water
conditions for short periods.

The health of California freshwater shrimp
populations is adversely affected by the following
general types of activities or conditions:

INTRODUCTION ¯ urbanization
¯ agricultural practices
¯ livestock grazing and dairy farmingThe California freshwater shrimp is found in three

California counties, Marin, Nape, and Sonoma.¯ timber harvesting

The shrimp has apparently been extirpated from
¯ gravel mining
¯ water developmentfive of ten streams in which it occurred during

summer dams1964 (Eng 1981). During a subsequent̄
urban runoffdistribution study of the species, shrimp werē
wastewater dischargefound to inhabit six additional streams (Serpa

* flood control1991). Habitat loss and alteration have been the
primary causes for is demise. Urbanization,

¯ bank protection
¯ culverts and grade control structuresagricultural development, overgrazing, and dam̄

introduced predators.and road construction have contributed to habitat
loss.

VISION

RESOURCE DESCRIPTION
The vision for the California freshwater shrimp is
to maintain populations of this federally listedThe California freshwater shrimp is a small

shrimp, measuring less than 2.5 inches in length,endangered species by maintaining its existing

It is native to Marin, Sonoma and Nape countiesdistribution and abundance. Conservation of the
Califomia freshwater shrimp would contribute toand represents the only remaining species of this

genus. The freshwater shrimp is found inoverall species richness and diversity. Achieving

freshwater sand and gravel bottom streams at lowthis vision will reduce conflict between the need
for its protection and other beneficial uses of landelevation which have a gentle gradient. The
and water in the Bay-Delta.

shrimp occurs primarily in pool areas away from
the main streamflow. The pools have undercut
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Protecting existing populations from activities that LI N KAGE WITH OTHER
could result in their loss or degradation and
restoring ecological process of confined channel ECOSYSTEM ELEMENTS
migration will be critical to the recovery of the
shrimp. The Ecosystem Restoration ProgramRestoration of the California freshwater shrimp
Plan’s proposed restoration of stream meanderpopulation and its habitat will be integrally linked
and riparian habitat in the North San Franciscoto restoration of natural stream meander corridors
Bay/Suisun Marsh Ecological Management Zonesin the rivers of the Central Valley.
will help to protect the remaining populations in
the Napa River and its tributary, Gamett Creek, STRATEGIC OBJECTIVE,
Sonoma Creek and its tributary, Yulupa Creek,
and Huichica Creek. Protecting the remaining TARGETS, AND
populations is an essential requirement to PROGRAMMATIC
preventing the shrimp populations from declining ACTIONSto a point where restoration efforts may offer little
help to the species.

The Strategic Objective is to
Restoring these habitats while protecting and~, restore    populations    of
restoring streamside banks and levees would also

~                  California freshwater shrimphelp maintain or increase existing shrimp throughout its former range.
populations.

LONG-TERM OBJECTIVE: Increase and
INTEGRATION WITH maintain populations of California freshwater

OTHER RESTORATION
shrimp.

PROGRAMS SHORT-TERM OBJECTIVE." Implement
restoration measures designed to protect existing

Other programs linked to restoring riparianpopulations and initiate design of a long-term
systems and California freshwater shrimp habitatconservation and restoration program.
include:

I~a,~ON~a.E: California freshwater shrimp is an
¯ HuichicaCreek Land Stewardship group, endangered species that needs protection and

restoration. Other restoration efforts within
¯ Napa County Resource Conservation tributaries to the North Bay may affect the

District’s Natural Resource Protection and distribution and abundance of the shrimp.
Enhancement Plan, Specifically, management and restoration actions

for the Napa River and Sonoma Creek ecological
¯ Napa County’s integrated resource management areas must integrate actions to

management plan for the Napa River, benefit numerous species.

¯ Napa County Resource Conservation STAGE 1 EXPECTATIONS.’. The abundance of
District’s"Adopt-A-Watershed"program, the California freshwater shrimp will have

increased and measures instituted to protect and
restore the long-term viability of the shrimp
populations.
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I The general target is to protect exist populations in U.S. Fish and Wildlife Service, Portland
the North Bay. Oregon. 87 pp.

i General programmatic actions which will
contribute to reaching the target include:

I          ¯ remove existing threats to known populations
of shrimp through management of shrimp

I populations and habitat,

¯ restore habitat conditions favorable to shrimp
and other native aquatic species,

¯ protect and monitor shrimp populations and

I habitat once the threats have been removed
and restoration has been completed,

i ¯ assess effectiveness of various conservation
efforts for shrimp,

¯ conduct research on the biology of the
species,

i ¯ restore and maintain viable shrimp population
at extirpated and existing localities,

¯ increase public awareness and involvement in
the protection of shrimp andnative
cohabitating species,

I REFERENCES

i Eng, L. 1981. Distribution, life history, and status
of the California freshwater shrimp, Syncaris
pacifica. California Department of Fish and
Game. Inland Fisheries Endangered Species

I              Program Special 81-1.27 pp.Publication

Serpa, L. 1991. California freshwater shrimpI for the U.S. Fish(Syncarispacifica)survey
and Wildlife Service. Fish and Wildlife
Enhancement, Sacramento Field Office. 17

I pp.

U.S. Fish and Wildlife Service. 1997. Draft
I California Freshwater Shrimp Recovery Plan.
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I

DECLINING NATIVE SPECIES (PRIORITY GROUP IV)

|NTRODUCTION ¯ Neotropical migrant bird species

The Strategic Plan for Ecosystem Restoration
¯ Upland game

presents 6 goals to guide the implementation of¯ Plant communitiesrestoration actions during the 20-30 year program.
The first Strategic Goal focuses on at-risk specie~          ¯ Aquatic habitat plant community

GOAL 1: Achieve recovery of at-risk native
species dependent on the Delta and Suisun ¯ Tidal brackish and freshwater marsh
Bay as the first step toward establishing habitat plant community

large, self-sustaining populations of these
similar at-risk ¯ Seasonal wetland habitatplant communityspecies;support recoveryof

native species in San Francisco Bay and the
watershed above the estuary; and minimize ¯ Inland dune habitat plant community

for future endangered speciesthe need
listings by reversing downward population ¯ Tidal riparian habitat plant community

trends of native species that are not listed.

i Because there are so many species covered under
this goal, they have been divided into four groups
in terms of priority for CALFED attention. Many

I are "at-risk" species, which are in danger of
extinction if present trends continue.

I PRIORITY GROUP IV. Declining native species
that are regarded as having a relatively low risk of
extinction and/or whose rehabilitation does not
necessarily depend on conditions in the Delta or
Suisun Bay.

I Species in Priority Group IV include:

¯ Native resident fishes

I ¯ Planktonic organisms

¯ Shorebird guild

¯ Wading bird guild

¯ Migratory waterfowl

I Volume I: Ecosystem Restoration Program PlanCI~’EI)
~ ~Y.Z~LT~ Priority Group IV Dec.lining Naffve Species
~l~ ~ June 1999

i 346

C--01 9232
C-019232



!
NATIVE RESIDENT FISH SPECIES

I losses to water diversions, and reduced survival
from exposure to toxins in the water.

I RESOURCE DESCRIPTION

i Resident species compose the bulk of species
found in fresh and low-salinity water (i.e., less

J than 4 parts per thousand salinity) of the

I Sacramento-San Joaquin Delta estuary. Resident
species represent an important component of sport
catch and the historical native fish fauna (e.g., rule

I perch, Sacramento blackfish); and forage fish
I NTRODUCTION (e.g., threadf’m shad).

I Native resident fish species of the Delta areAs with other Delta species, the habitat of resident
important ecologically and as indicators offishes has been greatly diminished by human-
ecosystem health. Some, such as the rule perch,caused actions. Increased habitat and expanded

i Sacramento sucker, and threespine stickleback,distribution and abundance 0fresident species can
are important elements of the Bay-Delta foodweb, be realized through restoring habitat together with
Other, such as the Sacramento pikeminnowimproving natural ecological processes and
(Sacramento squawfish), are important predators,functions.I Native resident fishes have declinedasapercent
of the total fish species abundance of the Bay-Spawning and rearing habitat includes shallow
Delta and its watershed, edgewaters bordered by healthy riparian and

I           Non-native resident fishes include many species
¯

introduced to improve the foodweb and sport

I
fishing including threadf’m shad, white catfish, and

t ,nt~o~-~l .....largemouth bass. Others, such as the yellowfin ao , -----N~
goby, have been accidently introduced in the

I ballast water of ships. While some species are
considered desirable, other are undesirable """’

because they compete with or prey upon desirable ""i native and non-native fish. The wagasagi, or pond , :.
smelt, a close relative of the delta smelt introduced
by DFG to improve the foodweb of foothill

I reservoirs, now potentially threatens the delta
smelt population through interbreeding and
competition.

I           Factors contributing to the decline of some         o

important resident species include predation and

I competition of non-native species, loss and Index of Native and Introduced Fishes in
degradation of habitat, poor foodweb productivity, Suisun Marsh Trawl Survey
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aquatic plants that provide protective, food-richthis vision will reduce conflict between protection
environments. Productive edgewater habitats arefor this species and other beneficial uses of land
currently very limited in the Delta. Many residentand water in the Bay-Delta.
Delta species inhabit shallow areas that have
structural diversity provided by riparian andEcosystem processes are closely tied to habitat
aquatic vegetation. Levee construction in therestoration needs and actions. Resident species
1800s created narrow channels and eliminatedwould benefit from conditions to maintain
vast areas of tule marsh, areas most likelyproductivity and suitability of spawning and
important as spawning and rearing habitat forrearing habitat (including production of food).
Delta species. Levee maintenance programs thatActions to rehabilitate ecosystem processes
remove riparian vegetation and dredging continueinclude: changing Delta configuration, facility
to reduce the quality of shallow water habitat usedoperations (including Delta diversions and channel
by resident species. Erosion caused by increasedbarriers and gates), and Delta inflow and outflow.
flow velocity, changes in channel structure, and
boat wakes continues to reduce remnant riparian,Stressor reduction is a major component of
marsh, and channel island habitats. Waterrestoration and maintenance of resident species
hyacinth and other exotic aquatic plants now clogpopulations. A primary concern with regard to
many sloughs that are important habitat of residentvulnerable species is the reduction of losses to
fish. diversions. Actions to reduce losses include

upgrading existing fish protection facilities,
Losses to Delta diversions (e.g., hundreds of smallinstalling fish screens on currently unscreened
agricultural diversions, Central Valley Project andfacilities, removing predators associated with
State Water Project export pumps, and Pacific Gasdiversions and fish protection facilities, relocating
& Electric power generation facilities) may reduceand consolidating existing diversions, changing
resident species abundance through directseasonal timing of diversions, and reducing the
entrainment or indirect effects on the prey ofnumber of diversions. Resident species would
resident fish. Large numbers of some residentalso benefit from actions to reduce pollutant input
species (e.g., white catfish, threadfin shad) areto streams and rivers in the Sacramento-San
entrained in Delta diversions. Other residentJoaquin River basin and may benefit from actions
species (e.g., largemouth bass) spend their lives into prevent introduction of non-native species that
habitat that is in close proximity to where theywould prey upon or compete with native species
were spawned and are not particularly susceptiblefor habitat and food supply.
to entrainment in Delta.

Food availability, toxic substances, and
INTEGPdI~TION~VITH

competition and predation are among the factors OTHER RESTORATION
influencing abundance of resident species. In PROGRAMS
addition, harvest of many resident species for food
and bait by sport anglers may affect abundance.

Efforts to restore and maintain resident species

VI S I O N
would involve cooperation and support from other
established programs that protect and improve
conditions for delta smelt, striped bass, and other

The vision for resident fish species is to maintainspecies.
and restore the distribution and abundance of
native species, such as Sacramento blackfish,
hardhead, and tule perch to conlxibute to the
overall species richness and diversity. Achieving
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¯ The Recovery Plan for the Sacramento/Sanreverse declines or if habitat-oriented restoration
Joaquin Delta native fishes will be consideredstrategies will be adequate.
in thedevelopmentof actions.

RATIONALE: The Central Valley has a native
¯ Central Valley Project Improvement Act will resident fish fauna that is largely endemic to the

implement actions that will benefit residentregion. Some species are extinct (thicktail chub)
species, including changing the timing ofor nearly extinct (Sacramento perch) in the wild.
diversions and restoring habitat. While some native species (e.g., Sacramento

pikeminnow [squawfish], Sacramento sucker) are
¯ The State Water Resources Control Board will clearly thriving under altered conditions, others

implement the Water Quality Control Plan for are not (e.g., hitch, Sacramento blackfish,
the San Francisco/Sacramento-San Joaquinhardhead). Although most of these species may

estuary provisions to actions listed under goal 2, there is aDelta thatwill include benefitfrom
limit entrainment in diversions and protectneed to determine if some have unique problems
habitat conditions for Sacramento splittail,or requirements that will prevent them from
chinook salmon, bass, and other to habitatstriped responding general improvements.
species.

STAGE 1 EXPECTATIONS: A distribution and
status of native stream fishes will haveLINKAGE WITH OTHER survey
been completed. Sites with high species richness

ECOSYSTEM ELEMENTS or containing rare species will have been
identified for special management. A recovery

Restoration efforts relating to resident fish will bestrategy for native fish assemblages will have
closely tied with efforts for delta smelt, longfinbeen developed.
smelt, and splittail.

The target for resident fishes is to increase their

STRATEGIC O BJ ECTIVE, abundance indices in the DFG fall midwater trawl
survey and Suisun Marsh Trawl Survey to

TARGETS. AND historical levels (e.g., 20 units or higher in the
PROGRAMMATIC Suisun marsh Trawl survey).

Resident species would benefit from the followingACTIONS
general restoration activities:

~ The Strategic Objective is to
reverse the decline of native ¯ adding and modifying physical habitat,
resident fishes.

¯ breaching levees to inundate existing islands,

¯ setting levees back to increase shallow-waterLONG-TERM OBJECTIVE-" Within 25 years, all habitat along existing channels,
resident native fishes will have stable or
increasing populations, in multiple localities, with̄ restoring riparian areas,
localities interconnected as much as feasible.

¯ protecting existing shallow-water habitat from
SHORT-TERM OBJECTIVE: Determine the erosion,
distribution, status, and habitat requirements of all
native resident fishes in the Bay-Delta watershed
to see if species-specific strategies are needed to

~ ~
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¯ filling relatively deep water areas with
sediment to create shallow-water habitat,

¯ eliminating water hyacinth and other noxious
aquatic plants from Delta channels and
sloughs,

¯ upgrading existing fish protection facilities at
South Delta pumping plants,

¯ installing screens on unscreened diversions,

¯ removing predators at diversions,

¯ relocating or consolidating diversions,

¯ reducing concentrations of toxins in Bay-
Delta waters, and

¯ preventing further introductions of non-native
aquatic organisms.

REFERENCE

Strategic Plan for Ecosystem Restoration. 1999.
Appendix to the CALFED Bay-Delta Program
Environmental     Impact     Statement
/Environmental Impact Report. June 1999.
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|
¯ ,t BAY-DELTA AQUATIC

|
FOODWEB ORGANISMS

of the Bay-Delta estuary is dependent primarily on
the supply of nutrients and plant biomass

I . -- : : -: "    ’ production and transport (See Bay-Delta Aquatic
Foodweb Process).

Plant communities in the Bay-Delta aquatic

’..’ -.
’."

... foodweb consist mostly of benthic algae and
phytoplankton produced in the estuary and its

I watershed, and vascular-plants in riparian and
wetland communities adjacent to the system.
Algae are generally small (diameter <0.1
millimeters [mini), easily transported, and highly
nutritious. Phytoplankton are related to algae but
small enough to float in the water. Most vascular-

I INTRODUCTION plants, by contrast, are much larger.

The Bay-Delta foodweb has undergone a numberBay-Delta aquatic foodweb organisms include

I bacteria, algae, zooplankton (e.g., copepods andof changes since the 1960s. Most notably,

cladocerans), epibenthic invertebrates (e.g.,phytoplankton abundance has declined in

crayfish, Neomysis and Crangon shrimp), andimportant fish nursery areas of Suisun Bay and the

I benthic invertebrates (e.g., clams). Foodwebwestern Delta (Lehman 1996). A pattern of very

organisms are essential for the survival andlow phytoplankton levels in Suisun Bay and the

productivity of fish, shorebird and other higherDelta beginning in 1987 concerns many scientists.

order animal populations in the Bay-Delta estuary.Low levels in Suisun Bay and the Delta since 1986

Some organisms are non-native species (e.g.,may betheresultofhighdensitiesofAsianclams

certain zooplankton and Asian clams) that may be(~otamocorbula amurensis) that colonized the Bay

I detrimental to native species and the foodweb inafter being accidentally introduced from the ballast

general. Recent declines in aquatic foodwebwaters of ships. Large numbers of the clams

organisms of the Bay-Delta, particularly in driercolonized this area of the estuary during the
drought period from 1987 to 1992 (Kimmerer and

I years, has caused a reduction in overall Bay-Delta
productivity. Important aquatic foodweb Orsi 1996).

organisms include algae, bacteria, rotifers,
Aquatic invertebrate population trends followed

I copepods, cladocera, and mysid shrimp, those ofphytoplankton over the past three decades.
Species that once dominated the aquatic

RESOURCE DESCRIPTIONS invertebrate community have become relatively

i scarce, while some others have increased in
The foodweb of the Bay-Delta ecosystem consistsrelative abundance. Many native species have
of all the plants, invertebrates, and other lowerbecome less abundant or more narrowly

I trophic-level organisms that serve as prey for fish,distributed, while dozens of new non-native
water birds,and other higher trophic-level species have become well established and widely

i Volume I: Ecosystem RestoralJon Program Ran
..= 1~4~T^ Vision for Bay-Delta Aquatic Foodweb Organisms

~- ~ June 1999
351

!
C--019237

C-019237



dispersed. In general, the abundance of planktonwestern Delta and Suisun Bay permit the
has declined, while populations of many bottom-development of high zooplankton populations on
dwelling invertebrates, most notably Asian clams,which many estuarine resident and anadromous
have increased. This transition has been mostfish depend during their early life stages.
evident in Suisun Bay and other traditionallyHorizontal salinity stratification enhances this
important fish-rearing areas. Also in these areas,process, especially when the salinity front
populations of rotifers, copepods, and other(sometimes referred to as X2) or the "entrapment
relatively small species have declined substantiallyzone" is in Suisun Bay (Arthur and Ball 1979).
since monitoring began in the 1960s (Kimmerer
and Orsi 1996). This pattern is perhaps mostThe decline of plankton populations in the Bay-
dramatic for the mysid shrimp, which haveDelta may also be a result, at least in part, of the
declined to less than one-tenth of their formereffects of heavy metals, herbicides, pesticides or
abundance, particularly since 1986 (Orsi andother toxic substances. Low concentrations of
Mecum 1996). The continued decline from 1993 these substances in the water column may act
to 1995, despite the return of higher flows, is ofindividually or in combination to reduce
particular concern. These declines in zooplanktonproductivity of plant and animal plankton.
abundance have roughly coincided with the declineResearch to determine the effects of these
in algae, one of the main food sources for thetoxicants on plankton is currently underway.
zooplankton.

The deterioration of the zooplankton community
VISION

and its algal food supply in key habitat areas of theThe vision for the Bay-Delta aquatic foodweb
Bay-Delta is a serious problem because stripedorganisms is to restore the Bay-Delta estuary’s
bass, delta smelt, chinook salmon, and otheronce-productive food base of aquatic algae,
species that use Suisun Bay and the Delta as aorganic matter, microbes, and zooplankton
nursery area feed almost exclusively oncommunities.
zooplankton during early stages of their life cycles.
Research indicates that survival and growth of fishRestoring the Bay-Delta foodweb organisms would
larvae generally increase with increasedrequire enhancing plankton growth and reducing
concentration of zooplankton. Declines in the       loss of plankton to water exports, particularly in
productiono f juvenilesof thesefishspeciesappear drier years. Several options exist for enhancing
to coincide with the declines in algae andplankton growth~ Improving Delta inflow and
zooplankton. Modifying the Bay-Delta ecosystemoutflow in spring of drier years will be an essential
in ways that will lead to increased algae andelement of any plan. Other elements include
zooplankton abundance maybe critical to restoringreducing losses to exports from the system and
Bay-Delta fish populations and improving thereducing the amount of toxic substances entering
health of its ecosystem, the system.

Areas of the Bay-Delta where hydraulic conditionsAdditional improvements can be gained by
allow food resources to accumulate in the waterincreasing shallow-water habitat and tidal wetlands
column rather than settling or washing out arein the Bay and Delta. Increasing the acreage of
important habitats for plankton foodweb floodplain lakes, sloughs, and other backwaters in
organisms. This accumulation of food resourcesthe Sacramento River drainage will increase
results from passive processes and from activeorganic matter inputs to the Delta. This increase in
algal, microbial, and zooplankton reproduction,plankton food supply will help increase population
The comparatively benign hydraulic conditionsgrowth.
and abundant food resources characterizing the
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I
I Restoring tidal action to leveed lands in San Pablō The Delta Wildlife Habitat Protection and

Bay and Suisun Marsh will increase habitat for Restoration Plan include protection and

I aquatic foodweb organisms. The Yolo and Sutter improvements to riparian and wetland habitats
Bypasses offer potential opportunities to produce of the Bay-Delta.
more permanent slough, riparian, and wetland

I habitats in the Sacramento River floodplain.̄ Central Valley Habitat Joint Venture includes
Setback levees or improved riparian and shallow- restoration of riparian and wetlands of the
water habitat along leveed reaches of the rivers rivers, Delta, and Suisun Marsh.

I and Delta offer additional opportunities to increase
the abundance of foodweb organisms in the Baȳ California Senate Concurrent Resolution 28
and Delta. has set a goal of doubling wetland acreage by

the year 2000.

I INTEGRATION WITH
¯ San Francisco Estuary Project planning for

OTHER RESTORATION wetland protection and restoration, and water
I PROG RAMS quality protection and improvement.

I Efforts to restore the abundance of Bay-Delta¯ San Joaquin River Management Plan is a plan

aquatic foodweb organisms would involve the to restore riparian and wetland habitat and
cooperation and support from established improve water quality in the San Joaquin

I programs underway to restore habitat and fish River and its tributaries.

populations in the Bay-Delta including the
following: ¯ SWRCB and RWQCB efforts to restore

wetlands and improve water quality of the
I ¯ The Recovery Plan for the Sacramento-San riversandBay-Delta.

Joaquin Delta Native Fishes calls for
improving flows, reducing diversions, and¯ Suisun Resource Conservation District is

I developing wetlands restoration andincreasinghabitat.
management plans.

i ¯ The Salt Marsh Ecosystem Recovery Plan
calls for improving wetland habitat in the Bay.¯ Riparian Habitat Joint Venture will restore

riparian habitats.
¯ The Central Valley Project Improvement ActI and its associated Anadromous LINKAGE WITH OTHER(PL 102-575)

Fish Restoration Plan include provisions to ECOSYSTEM ELEMENTSreduce losses of organisms into water

I diversions, to restore aquatic habitat, to
improve water quality, to improve freshwater Improving the abundance and distribution of

flows, and to restore wetland and riparian important aquatic foodweb organisms of the Bay-

I habitats in the rivers and Bay-Delta. Delta is integrally linked with wetland and riparian
habitat restoration, water quality (contaminants)

¯ The Steelhead Trout, and Anadromous      improvement, and Central Valley streamflow

I Fisheries Program Act of 1988 includes improvements.

elements to improve freshwater flows and
riparian habitats in the Sacramento and San

I Joaquin Rivers and their tributaries.

I ~ ~
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STRATEGIC OBJECTIVE, STAGE 1 EXPECTATIONS: Major steps will
have been taken to halt activities (e.g., dumping of

TARGETS, AND contaminated ballast water) that result in the
PROGRAMMATIC ACTIONS establishment of new species of invertebrates and

fish in the estuary. Further development of our
understanding of the how the Bay-Delta system

~~_ _ Aquatic foodweb organisms functions should allow recommendations on how
are addressed by two to maintain native zooplankton species, in the
Strategic Objectives. The first context of broader ecosystem management goals.
Strategic Objective is to
restore assemblages of

planktonic organisms in the Delta and The    second    Strategic
Suisun Bay to states of increased ~, Objective is to prevent further
abundance and greater predictability in

~                 human-caused irreversiblecomposition, changes to the benthic
invertebrate assemblages in
the Bay-Delta ecosystem.

LONG-TERM OBJECTIVE-" Increase abundance
of zooplankton to the levels that existed prior to
the introduction of the Asiatic clam,LONG-TERM OaJECTIVES: Have diverse
Potamocorbula amurensis, with zooplanktonbenthic assemblages throughout the estuary that
communitiescontainingnative species as contain the same species that are present today,

including the remaining native species, and that aresignificantcomponents.
not dominated by one or two non-native species.

SHORT-TERM OBJECTIVE: Maintain the
planktonic assemblages at roughly the range ofSHORT-TERM OBJECTIVES: Halt further

variability of abundance and composition that theyintroductions of non-native species, determine

have been since the Asiatic clam becameconditions that favor remaining desirable species,
established by preventing new introductions andand find methods (if any) to reduce dominance by

determining conditions that favor native organismssingle non-native species, especially the Asiatic

such as Neomysis mercedis, clam in Suisun Bay.

RATIONALE: The long-term objective is quite RATIONALE:    The benthic assemblages of

likely impossible to achieve because recentinvertebrates in the Bay-Delta estuary are made up

invading species, from the Asiatic clam to variouslargely of non-native species, although a few

crustacean zooplankters, will continue to playnative crustaceans still are present in numbers.

major ecological roles in the system, to theMany of these non-native invertebrates are

detriment of native organisms. However, at thethoroughly integrated into the food webs of the
very least it is possible to stop further introductionsregion and are major prey of native birds,

of non-native species which have the potential tomammals, and fishes. New benthic invasions,
further change the system unpredictably. Thislargely from ballast water introductions, are

objective is also a call to develop a thoroughconstantly occurring, however, and some, such as

understanding of the planktonic portion of thethe invasion of the Asiatic clam, have caused
Bay-Delta system to predict and understand themajor alterations to the benthic (and planktonic)
impacts of large-scale ecosystem alterationassemblages. If present trends continue, further

projects on the plankton, invasions can be expected with the potential to
once again generate major changes in the benthos,
most likely with unfavorable effects on at-risk or
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I harvested species. In order to stabilize benthic̄ providing more natural floodplains and
assemblages to conditions of reasonable and meander beltsalongrivers.

I desirable diversity and abundance, it is necessary
to (1) halt further invasions, (2) create water REFERENCES
quality and hydraulic conditions that favor desired

I assemblages (e.g., those containing abundantArthur, J.F., and M. D. Ball. 1979. Factors
native Corophium spp.), and (3) reduce the influencing the entrapment of suspended
dominance of single non-native species, especially material in the San Francisco Bay-Delta

I the Asiatic clam. None of these actions is easy to estuary. Pages 143-174 in T.J. Conomos, ed.,
do and the latter two will require considerable San Francisco Bay: the Urbanized Estuary.
research to institute. Pacific Division, American Association for the

I STAGE 1 ~XPECTATIONS: All introductions of Advancement of Science, San Francisco, CA.

non-native invertebrates into the estuary will haveKimmerer, W., and J.J. Orsi. 1996. Changes in

i been reduced. Investigations into the biology of the zooplankton of the San Francisco Bay
benthic assemblages should continue, in order to estuary since the introduction of the clam
f’md ways to create more desirable assemblages in          Potamocorbula amurensis. Pages 403-424 in

i an ecosystem context. J. T. Hollibaugh, ed., San Francisco Bay:
The Ecosystem. Pacific Division, American

General targets that will assist in meeting the Association for the Advancement of Science,

i implementation objective include:
San Francisco, CA.

¯ Increase abundance of important food web Lehman, P. 1996. Changes in chlorophyll a
organisms to 1960s level of abundance concentration and phytoplankton community

I composition with water-year type in the upper¯ Reduce influence of non-native species in San Francisco Estuary. Pages 351-374 in J.
foodweb communities T. Hollibaugh, ed., San Francisco Bay: The

I Ecosystem. Pacific Division, American
¯ Improve distribution of important foodweb Association for the Advancement of Science,organisms in Bay-Delta.

San Francisco, CA.
I          General programmatic actions that will contribute

Orsi, J. J., and W. L. Mecum. 1996. Food
to achieving the targets include:                         limitation as the probable cause of a long-term

I decline in the abundance of Neomysis¯ increase late winter and spring Delta outflow mercedis the Opossum Shrimp in the
Sacramento-San Joaquin estuary. Pages 375-

I ¯ reduce losses to water diversions 401 in J. T. Hollibaugh, ed., San Francisco
Bay: The Ecosystem. Pacific Division,

w opening leveed lands to tidal or seasonal American Association for the Advancement of

I floodflows Science, San Francisco, CA.

= increasing the array of sloughs in the Delta Strategic Plan for Ecosystem Restoration. 1999.

I Appendix to the CALFED Bay-Delta Program¯ reduce influx of non-native species Environmental Impact Statement
/Environmental Impact Report. June 1999.

I ¯ protecting and restoring shallows, shoals, and
channel islands in the Delta; and

I Volume I: Ecosystem Restoration Program Plan
~ u~t.~Lr~ Vision for Bay-Delta Aquatic Foodweb Organisms
~ ~ June 1999

355

!
C--01 9241

C-019241



�, SHOREBIRD AND WADING BIRD GUILD

RESOURCE DESCRIPTION

Some shorebird and wading bird species are
winter migrants limited to shallow water areas and
shorelines. Others are statewide, year-round
residents. Shorebirds and wading birds are
dependent on many different habitats, although
each species may be dependent on only one or a
few habitats. These habitats include perennial
aquatic, tidal slough, seasonal and emergent
wetland, midchannel island and shoal, riparian,
and agricultural.

Shorebirds and wading birds are present
throughout the Central Valley. Herons and egrets
are common year-round residents that breed and
winter throughout the study area. Most shorebirds
are only winter residents, with a small number
remaining to breed. Wetland habitat conversion
has eliminated 95% of the historic wetland habitat,

INTRODUCTION resulting in smaller, detached patches of suitable
habitat for nesting and foraging. Riparian habitats

Over a million shorebirds and wading birdssuitable for use by colonial-nestingspecies, such
annually migrate through, winter, or breed in theas egrets, have been lost or fragmented and are
Bay-Delta. Representative species of the shorebirdsubject to increased disturbance during the nesting
and wading bird guild include the great blueperiod.
heron, great egret, western sandpiper, and long-
billed dowitcher. These species are a significant VISION
component of the ecosystem, are of high interest
to recreational bird watchers, and contribute toThe vision for the shorebird and wading bird guild
California’s economy through sales of equipmentis to maintain healthy populations of shorebirds
and other bird-watching-related expenditures,and wading birds through habitat protection and
There have been substantial losses of historicrestoration and reduction in stressors
habitat used by these species and available
information suggests that population levels ofProtecting existing and restoring additional
many of these species are declining. Majorsuitable perennial aquatic, tidal slough, seasonal
factors that limit this resource’s conlribution to theand emergent wetland, m idchannel island and
health of the Delta are related to adverse effects ofshoal, and riparian habitats and improving
conversion of native habitats for agricultural,management of agricultural lands and reducing the
industrial, and urban uses and land and watereffect of factors that can suppress breeding
management practices that degrade habitats usedsuccess will be critical to maintaining healthy
by these species, shorebird and wading bird populations in the Bay-

Delta. Restoration of these habitats in the
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Sacramento-San Joaquin Delta and Suisun̄ Grizzly Slough Wildlife Area,
Marsh/North San Francisco Bay Ecological Zones
will help to maintain healthy populations bȳ San Francisco Bay National Wildlife Refuge,
increasing the quality and quantity of habitats used
by these species. ¯ Sonoma Baylands Project,

Shorebirds and wading birds would also benefit̄ Tidal Wetlands Species Recovery Plan,
from:

¯ Yolo Basin Wetlands Project, and
¯ management strategies that protect and

maintain important existing habitat areas, ¯ San Francisco Bay Wetlands Ecosystem
Goals Project.

¯ project wetlands and wading bird nesting
areas, LINKAGE WITH OTHER

¯ improve habitat quality for shorebirds and ECOSYSTEM ELEMENTS
wading birds.

Protection and restoration of shorebirds and
Such strategies could be implemented throughwading birds is integrally linked with restoration
cooperative agreements with land managementof perennial aquatic, wetland, and riparian habitats
agencies or through conservation easements orand reduction in human disturbance.
purchase from willing sellers.

STRATEGIC OBJECTIVE,
Restoration of ecosystem processes and habitats
proposed by ERPP in other ecological TARGETS. AND
management zones will also allow natural PROGRAMMATIC
floodplains, meander corridors, seasonal pools,
and riparian vegetation to develop that will ACTIONS
provide habitat for these species elsewhere in the
Central Valley. SHOREBIRDS

INTEGRATION WITH The Strategic Objective is to

~
ensure that members of theOTHER RESTORATION shorebird guild continue to be

PROGRAMS abundant, diverse, and
~ important members of the

Other existing programs that will directly or local fauna.
indirectly improve and restore habitatfor
shorebirds and wading birds include: LONG-TERM OaJECTIVE: Provide sufficient

high-quality tidal and shallow water foraging
¯ Bay Area Wetlands Planning Group, habitat and upland roosting habitat to maintain

large populations ofaI1 members of this guild that
¯ Central ValleyHabitatJointVenture, now occur in central California, while also

providing sufficient nesting habitat for species that
¯ Cosumnes River Preserve, breed in the state.
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SHORT-TERM OBJECTIVE: Maintain wintering LONG-TERM OBJECTIVE: Provide sufficient
and breeding populations at their present levelshigh-quality breeding and foraging habitat for all
and increase populations of all threatened specieswading bird species so that the guild will continue
sufficiently to be able remove them from lists ofto be diverse and abundant.
threatened species.

SHORT-TERM OBJECTIVE: Maintain wading
RATIONm.E: The shorebird guild is an extremely bird numbers and diversity at their present level,
diverse group of migratory and resident speciesas a minimum.
(e.g., sandpiper, plover, curlew, avocet) that
forage, often in mixed flocks, on invertebrates inRATIONALE: The wading bird guild is a group

beaches, shallow oftideflats, ponds, and other mostly conspicuous birds (herons, egrets,
shallow water Central Valley, Delta, bitterns, ibis) that wade in the water to forage onareas. The

Marsh,Suisun Bay and and San Francisco Bay are fish and other aquatic organisms. Because egrets
a major wintering areas for birds that breed inand herons are so conspicuous along the
more northern areas, as well as staging areas forwaterways of the Bay-Delta watershed, they have
birds headed further south. Habitats suitable forhigh symbolic value for ecosystem restoration.
shorebirds were once abundant throughout theSome members of the guild (least bittern [treated
region. However, human disturbance, filling ofseparately] and white-faced ibis) are state species
shallow water areas, and other forms of~ of special concern. Habitats suitable f or foraging
degradation have caused suitable foraging habitatsof wading birds are still common throughout the
to become diminished. These smaller and more~ Bay-Delta watershed. However, human
disjunct patches of habitat have madedisturbance and degradation has caused many of
concentrations ofshorebirds more susceptible tothese habitats to become isolated, polluted, or
human disturbance and to increased predation,subject to high levels of disturbance. For many of
This guild contains species that are listed asthe species, the principal limiting factor is
threatened by both state and federal govemmentsavailability of adequate nesting (rookery) habitats.
(e.g., snowy plover) while others are considered toLong-term persistence of this group of birds in

species special concern, depends on areasbe of abundance extensive of shallow
water (less than 1.5 feet deep) containing

STAGE 1 EXPECTATIONS: CALFED will have abundant food, in conjunction with riparian
cooperated with the Central V~lley Habitat Jointhabitats suitable for breeding.
Venture to implement the Venture’s goals and
objectives that relate to creating habitat for shoreSTAGE I EXPECTATIONS: CALFED will have
birds. An evaluation of threats to foraging andcooperated with the Central Valley Habitat Joint
breeding habitats will have been conducted andVenture to implement the Venture’s goals and
ways found to alleviate threats. Areas that canobjectives that would increase foraging habitat for
restored as foraging areas, especially tide flats,this guild. In addition, existing heron and egret
will have been identified and restoration workrookeries will have been protected and other
begun, potential rookery areas identified.

WADING BIRDS
The following general targets will assist in

~ ~ meeting the implementation objective:

maintain    or    expand
~¥t~,~    populations of bird species

¯ Increase the number ofshorebirds and wading

~, that are members of the
birds over present levels.

wading guild.bird
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¯ Increase the distribution of shorebirds and
wading birds.

¯ Increase the quantity and quality of
overwintering and resting habitat.

The following general programmatic actions will
assist in meeting the targets:

¯ Increase the amount of riparian habitat in the
Central Valley.

¯ Increase the amount of perennial aquatic
habitat in the Central Valley.

¯ Increase the amount of emergent and seasonal
wetlands in the Central Valley.

¯ Improve water management and land use
practices to benefit wading birds’ and
shorebirds.

¯ Limit disturbance to nesting, roosting, and
foraging habitats.

REFERENCE

Strategic Plan for Ecosystem Restoration. 1999.
Appendix to the CALFED Bay-Delta Program
Environmental     Impact     Statement
/Environmental Impact Report. June 1999.
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WATERFOWL

RESOURCE DESCRIPTION

Migration over long distances requires a great
amount of energy. Upon arrival to wintering
grounds, waterfowl depend on high-quality
foraging habitat with sufficient grains, insects, and
aquatic plants to replenish their energy reserves.
These habitats include seasonal, permanent, tidal,
and agricultural wetlands; deepwater; riparian
woodlands; grasslands; and agricultural uplands
and other associated habitats.

Recent declines in waterfowl populations are
attributed primarily to the cumulative degradation

INTRODUCTION or breeding, wintering, foraginglossof and
habitats in the Central Valley and outside of

Central Valley waterfall populations are a highlyCalifornia. Population declines are most likely
caused by a combination of factors that havevaluedanddiversifiedbiologicalresourceandal’e

found in all ecological management zones withinreduced or eliminated important ecosystem
the study area. Large numbers of ducks, geese,processes. These factors include:
and winter in the Central afterValleyswans

migrating from northern breeding areas. Somē loss of natural wetlands because of altered
species, such as the mallard, gadwall, and Canada flow regimes, resulting .in the loss of natural

are also year-long residents and breed floodplains;goose,
locally in wetlands and nearby uplands.
Waterfowl are a significant component of the¯ fragmentation or loss of large areas of
ecosystem, are of high interest to recreational wetlands as a result of land reclamation;
hunters and bird watchers, and contribute to
California’s economy through the sale of huntinḡ loss of shallow-water habitat as a result of
and related equipment. Historical waterfowl flood management practices;
wintering habitat areas have declined by
approximately 95% and, as a result of substantial̄ loss of riparian habitat resulting from
losses of wetland and grassland habitats, channelization and levee protection practices;
waterfowl breeding populations have declined
from historical levels. ¯ loss of tidal wetlands as a result of dikes and

levees for flood control;
Major factors that limit this resource’s contribution
to the health of the Delta are related to adversē heavy metal contamination from sources such
effects of conversion of wetland and grassland as subsurface agriculture drainage; and
habitats to agricultural, industrial, and urban uses.

¯ loss of the natural mosaic of habitats required
to meet the life requirements of waterfowl.
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Many other factors have also contributed to thehabitat for migratory waterfowl.
decline of waterfowl, although perhaps to a lesser
degree. These include high concentrations ofRestoration of ecosystem processes and habitats
waterfowl in relatively small areas, which exposesproposed by ERPP in other ecological
greater portions of the population to diseasesmanagement zones will also allow floodplain
(such as botulism and cholera) and predation onwetland, riparian, and upland habitats to develop
nests and young by non-native species. Otherthat will provide habitat for waterfowl elsewhere
factors that can affect waterfowl populations, suchin the Central Valley.
as extended periods of drought, are natural and
will remain. INTEGRATION WITH

VISION OTHER RESTORATION
PROGRAMS

The vision for waterfowl is to maintain healthy
populations atlevelsthatcansupportconsumptiveSome of the programs that are restoring
(e.g., hunting) and nonconsumptive (e.g.,populations and habitat for waterfowl in the study
birdwatching) uses consistent with the goals andarea include:
objectives of the Central Valley Habitat Joint
Venture as part of the North American Waterfowl ¯ Upper Sacramento River Fishery and Riparian
Management Plan. Habitat Council (SB 1086) Program,

Protecting existing and restoring additional̄ Suisun Marsh Protection Plan,
suitable seasonal, permanent, and tidal wetlands;
deepwater; riparian woodlands; and grasslands;̄ Califomia Department of Fish and Game
and other associated habitats and improving wildlife areas,
agricultural land management and reducing the
effect of breeding stressors will be critical to¯ U.S. Fish and Wildlife Service refuges,
maintaining healthy waterfowl populations in the
Bay-Delta. Large-scale restoration of nesting,̄ The Nature Conservancy’s Jepson Prairie
brood, and foraging habitat will help to reduce Preserve,
predation on nests and young. Diverse and wide-
spread habitats decrease the likelihood of large-̄ Ducks Unlimited Valley Care Program
scale outbreaks of disease. Habitat restoration in
the Sacramento-San Joaquin Delta and Suisun̄ California Waterfowl Association,
Marsh/North San Francisco Bay Ecological
Management Zones will help to maintain healthȳ Cache Creek Corridor Restoration Plan,
populations of waterfowl by increasing the quality
and quantity of habitats used by these species. ¯ Putah Creek South Fork Preserve,

Efforts under existing migratory bird management̄ Woodbridge Ecological Reserve,
programs have significantly improved critical
habitats, including water management for̄ Yolo County Habitat Conservation Plan, and
seasonally managed agriculture fields,
development of permanent habitat on federal̄ Central Valley Habitat Joint Venture
refuges in the State wildlife areas, and incentives
for private landowners to provide wintering
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LINKAGE WITH OTHER subsidence, selected areas or islands would be
managed as waterfowl habitat. Besides increasing

ECOSYSTEM ELEMENTS waterfowl efforts to sustain waterfowlresources,
and their habitat will help offset some of the

Protection and restoration of waterfowl effects of converting agricultural or seasonal
populations is integrally linked with restoration ofwetlands to tidal action when such actions may
perennial aquatic, wetland, tidal slough, riparian,reduce the value of an area to waterfowl such as
grassland, and agricultural habitats and reductionwhite-fronted geese or mallard. Efforts should
in contaminants such as selenium in Centralalso be focused on improving waterfowl nesting
Valley breeding and wintering areas, success by improving nesting and brood habitat.

Improving waterfowl populations will be done in
STRATEGIC OBJECTIVE, a manner that reduces conflict with broader

ecosystem restoration goals or with goals to
TARGETS, AND recover endangered species. For example:

PROGRAM MATIC Flooding of rice fields for waterfowl in late winter
may require water needed by migratory salmon.ACTIONS Careful management of the amount and timing of
those diversions and the manner in which the

The Strategic Objective is to diversions occur (e.g. through screened

~ enhance populations of diversions) can help reduce conflicts.
waterfowl for harvest by Management of waterfowl areas will occur using

¯h u n t i n g a n d f o r management strategies developed for existing and
nonconsumptive recreation, new waterfowl areas that provide benefits to at-

risk species.

LONG-TERM OBJECTIVE’- Substantially
increase the numbers of resident and migratorySTAGE 1 F-XPECTA~ONS: Acquisition and

ducks and geese that use the Bay-Delta watersheddevelopment of new wetlands favorable for

by increasing habitat available to them. wintering and nesting waterfowl (e.g., Yolo Basin
Wildlife Area) will have continued. Significant

SHORT-TERM OBJECTIVE: Continue areas of existing agriculture will be managed

restoration of wetlands suitable for waterfowlusing wildlife friendly practices. For existing

production and over-wintering, while developingpublic wildlife areas, plans to reduce conflicts

strategies for management of waterfowl areas thatbetween waterfowl management and management

are compatible with other species, habitat, andfor other native species, including provisions for

ecosystem process restoration goals, emergency situations (e.g., levee repairs), will
have been developed.For private waterfowl

P~TIONALE-" Waterfowl resources will be areas, incentivesfor implementingbroader,

enhanced by protecting existing and restoringecosystem-based management goals will have

additional seasonal, permanent, and tidalimproved.

wetlands. Improved management of agricultural
lands using wildlife friendly methods willThe following general targets will assist in

contribute to sustaining waterfowl resources in themeeting the implementation objective:

Bay-Delta. The focus for seasonal wetlands
should be in areas that may be too deep for tidal̄ Increase waterfowl populations, and

marsh restoration over the next 20 years. In
concert with efforts to reduce or reverse

¯ Increase distributionofwaterfowl.
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The following general programmatic actions will
assist in meeting the targets:

¯ implementing management strategies to
protect important existing habitat areas,

¯ increasing the quantity and quality of breeding
habitat and forage on agricultural land,

¯ establishing new programs or expanding
existing programs to provide incentives for
landowner participation,

¯ restoring and improving wetlands in
conjunction with adjacent herbaceous uplands
to improve breeding habitat,

¯ expanding existing State and Federal wildlife ¯
areas by creating additionalwetland
complexes,

¯ improving water quality, and I

¯ establishing programs that allow government []
agencies and waterfowl conservation |
organizations to work cooperatively to
increase the efficiency of existing strategies ¯
and waterfowl management plans. |

REFERENCE
I

Strategic Plan for Ecosystem Restoration. 1999.
Appendix to the CALFED Bay-Delta Program                                                         []
Environmental     Impact     Statement
/Environmental Impact Report. June 1999.
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I NEOTROPICAL MIGRATORY BIRD GUILD

western wood-pewee, tree swallow, cliffswallow,
northern oriole, Wilson’s warbler, and yellow-

I breasted chat. Individual visions are developed
for some neotropical migrants, such as the
Swainson’s hawk and yellow-billed cuckoo, and

I those visions contain more specific targets relating
to those species. All species of the neotropical
migratory bird guild depend on the flora of

i California to forage and reproduce, typically from
about May until September. The birds normally
spend the rest of the year in Central and South
America.

I NTRODUCTION Neolxopical birds occur throughout the California

i and are associated with most of California’s

Neotropical species breed in North America and habitat types, including forested woodlands,

winter in Central and South America. Manyriparian and montane riparian habitats, unforested

I species of neotropical migratory birds migratelowlands, grasslands, shrub habitats, valley

through or breed in the Bay-Delta. These speciesfoothill hardwood, valley foothill hardwood-
conifer, and wetlands. Population levels of manyare a significant component of the ecosystem.

These species are of high interest to recreationalof these species has declined, primarily as a result

bird watchers, and contribute to California’sof the loss and degradation of habitats on which

economy through sales of equipment and otherthey depend, both in California and on their

I bird-watching-related expenditures. There haveCentral and South American wintering areas. In

been substantial losses of historic habitat used byCalifornia, the quality and quantity of important
these species and available information suggests       neotropical migrant bird habitats have been

I that population levels for many of these species issubstantially reduced primarily by their

declining, conversion to agricultural, industrial, and urban
uses, and land use practices that degrade the
values provided by these habitats.

I Major factors that limit this resource’s
contribution to the health of the Delta are related
to adverse effects of conversion of native habitats VISION

i for agricultural, industrial, and urban uses, and
land use practices that degrade habitats used byThe vision for the neotropical migratory bird guild
these species, is to maintain and increase healthy populations of

neotropical migratory birds through restoring
I RESOURCE DESCRIPTION habitats on which they depend.

I The neotropical migratory bird guild comprisesProtecting existing and restoring additional

bird species that breed in North America andsuitable wetland, riparian, and grassland habitats
will be critical to maintaining healthy neotropicalwinter in Central and South America.

I Representative species of the neotropiealmigrant bird populations in the Bay-Delta. Large-

migratory bird guild are the western kingbird,scale restoration of nesting habitat will help
reduce nest parasitism and predation by creating
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habitat conditions that render neotropical birds STRATEGIC OBJECTIVE,
less susceptible to these stressors. Restoration of

TARGETS, ANDthese habitats in the Sacramento-San Joaquin
Delta and Suisun Marsh/North San Francisco PROGRAMMATIC
Bay Ecological Management Zones will help ACTIONSmaintain healthy populations by increasing the
quality and quantity of habitats used by these
species. Restoration of ecosystem processes and The Strategic Objective is to
habitats in other ecological management zones~, restore and protect habitats
will also allow natural floodplains, stream

~~                  used by neotropieal migrantmeanderings, seasonal pools, and riparian birds for breeding and
vegetation to develop that will provide habitat for ’ foraging in the Bay-Delta
these species elsewhere in the Central Valley. watershed.

INTEGRATION WITH LONG-TERM OBJECTIVE."    Substantially

OTHER RESTORATION improve breeding and migration habitats for all
neotropical migrant birds to increase their rates of

PROGRAMS reproduction and survival.

Related restoration programs include:                SHORT-TERM OBJECTIVE."     Maintain
neotropical migratory bird breeding populations at

¯ Central Valley Project Improvement Act, present levels and develop restoration projects that
will benefit migrating individuals.

¯ Cache Creek Corridor Restoration Plan,
R~TIO~J.E: Neotropical migratory birds

¯ Cosumnes River Preserve, constitute a diverse group of largely passerine
songbirds that overwinter in the tropics but breed

¯ Riparian Habitat Joint Venture, in or migrate through the Central Valley and
Bay-Delta region. As a group, they are in decline

¯ Upper Sacramento River Advisory Council’s because of loss of habitat on their breeding
Riparian Habitat Committee (SB1086 grounds, in their migratory corridors, and in their
program), wintering grounds. The species within this group

are good indicators of habitat quality and diversity
¯ San Joaquin River Management Program, andand their popularity with birders means that

populations are tracked and have high public
¯ U.S. Fish and Wildlife Service’s Anadromous interest. They can also be good indicators of

Fish Restoration Plan. contaminant levels, by monitoring reproductive
success and survival in areas near sources of

LINKAGE WITH OTHER contamination. Riparian forests are particularly
important to this group because they are major

ECOSYSTEM ELEMENTS migration corridors and breeding habitat for many
species. By providing improved nesting and

Restoration of neotropical migratory birds ismigratory habitat, it may be possible to partially
integrally linked with restoration of wetland,compensate for increased mortality rates in the
riparian, grassland, and forest habitats, wintering grounds. Improved habitat for songbirds

¯
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I
also provides habitat for many other species of
animals and plants.

STAGE 1 EXPECTATIONS." A "master plan" for
the conservation r of neotropical migrants in the

I Bay-Delta watershed that includes status reports
and habitat requirements for all species will have
been completed. This information will have been

i used to integrate neotropical migrant conservation
into various CALFED restoration projects or to
develop restoration projects specifically aimed at

I improving migration and breeding habitat for
selected members of this group.

I The following general targets will assist in
meeting the implementation objective:

¯ Increase populations of neotropical birds in
the Central Valley.

~ ¯ ¯ Increase the distribution of neotropical birds
| in the Central Valley.

The following general programmatic actions will
I assist in meeting the targets:

i ¯ Increase wetland, riparian, grassland and
habitats in the Central Valley.

I ¯ Improve upper watershed health.

¯ Improve specific nesting habitats for
individual species within their existing andI restored habitats.

¯ Protect nesting habitats from predators and
i human disturbance.

i REFERENCE

Strategic Plan for Ecosystem Restoration. 1999.
Appendix to the CALFED Bay-Delta Program
Environmental     Impact     Statement
/Environmental Impact Report. June 1999.

!
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I
- ) UPLAND GAME
I

the upper elevations of the Coast Ranges,
Cascade Range, and Sierra Nevada. The eastern

I upland game group includes those species
inhabiting the eastern slopes of the Sierra Nevada
and eastern high deserts within California.

I
Upland game species commonly occur in upland
habitat types, including agricultural cropland,

I riparian habitats, and oak woodlands. The ring-
necked pheasant and wild turkey are non-native
species that have successfully established in the
Central Valley and are popular game for hunting.
These species occur from the Central Valley
floor to the foothills. Native species’ population

I densities, with the exception of the American
crow, are currently lower than they were before
lands in the Bay-Delta were reclaimed. Native
species are an integral part of our heritage,

INTRODUCTION               providing recreation and food for thousands of

people. Their populations are good indicators of

i Upland game species are of high interest tothe health and viability of the vegetative
recreational hunters in the Bay-Delta andcommunities on whichtheyrely.
contribute to California’s economy through the
sale of hunting-related equipment and hunting-Throughout California, upland game habitat has

I expenditures. Major been degraded or lost as a result of some types ofrelated factorsthatlimitthis
resource’s contribution to the health of the Deltaland uses, such as logging, land conversion,
are related to adverse effects of conversion ofwater projects, intensive farming, overgrazing,I and urban encroachment. Wildfires and floodsnativeuplandhabitatsforagricultural,industrial,
and urban uses, and land use practices thatalso destroy many acres of nesting and escape
degrade habitats used by these species, cover.!
RESOURCE DESCRIPTION                                  VISION

I The upland game guild includes those speciesThe vision is to maintain healthy populations of
def’med in the California Department of Fish andupland game species at levels that can support

I Game (DFG) huming regulations as residem andboth consumptive (e.g., hunting) and
migratory upland game birds and small game.nonconsumptive (e.g., birdwatching) uses,
Of the three groups of upland game species thatthrough protection and improvement of habitats

i def’me the guild (Coastal and Central Valley,and reduction in stressors.
Mountain Upland, and Eastem Upland), only the
coastal and Central Valley group (see table) isProtecting and restoring existing and additional

i addressed in this vision. The montane uplandsuitable riparian habitats and improving
game group includes species that typically inhabitmanagement of agricultural lands and reducing
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the effect of stressors that can suppress breeding INTEGRATION WITH
success will be critical to maintaining healthy
upland game populations in the Bay-Delta. The OTHER RESTORATION
key to improving populations of upland game PROGRAMS
will be in providing increased nesting habitat and
escapecover. The ERPP’sproposedhabitat Groups that are involved in efforts to restore
restoration in the Sacramento-San Joaquin Deltaupland game include:
and Suisun Marsh/North San Francisco Bay
EcologicalManagementZones will increase ¯ California Department of Fish and Game
habitat quality and quantity. Restoration will also wildlife program branch,
help maintain healthy populations of upland gamē California Department of Fish and Game’s
species. Game Bird Heritage Program,

¯ Pheasants Forever,Restoring upland game habitat over a range of̄ Turkey Federation, and
elevations above Bay-Delta mean-high-tide water̄ Quail Unlimited.
levels would allow a greater diversity of plant
species to establish. Grassland, woodland, and
shrub habitats will be developed, maintained, LINKAGE WITH OTHER
protected, and restored in those areas that are out ECOSYSTEM ELEMENTS
of the inundation zones of high water. This will
provide an area that will serve as a transitionProtection and restoration of upland game species
zone which will greatly increase the naturalis integrally linked with restoration of riparian,
processes necessary for restoring native habitatgrassland, and agricultural habitats, as well as
. and plant communities, improvements in upper watershed health.

Upland game species would also benefit from
STRATEGIC OBdECTIVE,management strategies that would improve

habitat quality. Management strategies should TARGETS, AND
include protecting and maintaining important PROGRAMMATICexisting habitat areas and encouraging
establishment and maintenance of agricultural ACTIONS
and upland habitats used by these species. Such
strategies could be implemented through

~k                 The Strategic Objective is tocooperative agreements with land management/~, maintain health), populations
agencies, landowner incentive programs, or

~                 and restore habitats thatconservation easements with or purchase from ’ promote the expansion of
willing sellers, populations at levels that can

support both consumptive and
Restoration of ecosystem processes and habitatsnonconsumptive uses and provide
that allow natural floodplains, meander corridors,additional opportunities for those uses.
seasonal pools, and riparian vegetation to develop
will provide habitat for upland game species
elsewhere in the Central Valley. LONG-T~=RM OBJEellV~:: Maintain self-

sustaining populations of upland game birds at
levels to meet or exceed population levels present
during the 1970s.
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I
SHORT-TERM OBJECTIVE: Protect and following general targets will assist in meeting the
maintain important existing habitat areas andrestoration objective:

I encourage the maintenance of agricultural and
upland habitats used by these species. ¯ Restore grassland, shrub, and woodland

habitats,
RATIONALE: Upland game are supported by ¯ Increase upland game populations, and
diverse agricultural and upland habitats. The keȳ Improve hunting opportunities.
to maintaining these species is by maintaining the

I habitats upon which they depend. The following general programmatic actions will
assist in meeting the targets:

STAGE 1 EXPECTATIONS’- Important upland

I game habitats will have been identified as well as̄ Protect and restore upland habitats.
conditions that reduce habitat quality. Existinḡ Improve land use and agricultural land
habitats will have been protected and, where management to enhance upland game.

I feasible, agricultural practices will have been̄ Improve forest and riparian land management
adjusted to improve upland game populations. The for upland game.

¯ Reduce potential for wildfire in floodplain,

I riparian forest, grasslands, and forest lands.

Upland Game S ~ecies and the Groups in Which They Appear
I Coastal and Montane Eastern

Central Valley Upland Game Upland Game
Species Group Group Group

I Ring-necked pheasant

California quail

Wild turkey

Common snipe

I Dove

American crow

I Tree squirrels

Cottontail/brush rabbit

I Black-tailed hare

Band-tailed pigeon

I Chukar*

Mountain quail*

Sage grouse*
I Blue/ruffed grouse*

Ptarmigan*

I
*These species are n~t addressed by this vision.
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PLANT COMMUNITY GROUPS

AQUATIC HABITAT PLANT shinning pondweed (P. i/linoensis). The
vegetative cover in the aquatic plant habitat ranges

COM M U N ITYGROU P from continuous to intermittent or open.

I NTRODUCTION VISION

Aquatic plant habitat in the Bay-Delta area isThe vision for plant community groups is to
present in permanently flooded and intermittentlymaintain and restore existing and rehabilitate
exposed shallow water areas. These shallowdegraded habitats that support the diverse
water areas present important wetland habitat forassemblages of plants in the Bay-Delta. The vision
dependent plant, wildlife, and fish species. Thewill be attained by protecting and restoring large
substantial loss of historic shallow water aquaticareas of perennial shallow water that provide
plant habitat has primarily resulted fromhabitat for pondweeds and other associated plant
reclamation and channel dredging and scouring,and wildlife species. Areas protected and restored
Loss of such habitat has reduced primary (plant)as aquatic plant habitat would be closely
and secondary (invertebrate) productivity in theassociated with areas protected and restored as
Bay-Delta area, changing important characteristicstidal brackish and freshwater marsh plant habitat
of the natural foodweb of the system and thereforeand tidal riparian plant habitat to promote habitat
leading to the decline of many native plant, fish,diversity.
and wildlife species.

Initial efforts should focus on protecting existing

RESOURCE DESCRIPTION aquatic habitat plant community areas. Restored
areas should be linked with existing healthy

PONDWEEDS WITH FLOATING AND habitats where feasible to provide a source of

SUBMERGED LEAV==$. Aquatic plant habitat in vegetative propagules and to create large

the Bay-Delta area is dominated by pondweedscontiguous areas of aquatic plant habitat.

(Polygonum spp.) with floating or submerged Establishing the proper gradients relative to water

leaves. Pondweeds are the sole or dominant herblevels will be key in promoting the establishment

in this community. Pondweeds with submergedof the aquatic habitat plant community. Restored

leaves include crispate pondweed (P. crispus), eel-habitats should have natural gradients of open

grass pondweed (P. zosteriformis), fennelleaf water, shallow water that is suitable for supporting

pondweed (P. pectinatus), leafy pondweed (P.pondweeds, marsh, riparian, and upland habitats

foliosus), Nevada pondweed (P. latifolius), to increase the habitat value for a greater diversity

Richardson pondweed (P. richardsonii), Robbinof species.

pondweed (P. robbinsiO, slenderleaf pondweed
(P. f!liformis), small pondweed (P. pusillus), and Many leveed lands in the Bay and Delta have

whitestempondweed(P.praelongus). Pondweeds subsided and are too low to support shallow

with floating leaves include alpine pondweed (P.waters inhabited by pondweeds, and thus cannot

alpinus), broadleaf pondweed (P. amplifolius), be readily restored. The greatest subsidence has

diverseleaf pondweed (P. diversifolius), occurred in the Central and West Delta Ecological

floatingleaf pondweed (P. natans), grassl6af Management Unit. A comprehensive long-term

pondweed(P, gramineus), longleafpondweed (P.program would be developed to reverse this

nodosus), Nuttall pondweed (P. epihydrus), and process.Changesin landuse management,and
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use of suitable dredged materials or other "natural /I N KAGE WITH OTHER
materials" should be implemented to restore land
elevations to suitable ranges. ECOSYSTEM ELEMENTS

Restoration efforts should focus on those leveed The aquatic habitat plant community group is
lands that have not yet been subjected to severelinked to other habitats that include open water,
subsidence. Prime candidates are existingshallow water, emergent wetland, and riparian
managed marshes and salt ponds adjacent to Sanareas, and to associated wildlife guilds. It is also
Pablo and Suisun Bays. Leveed agricultural landslinked to physical processes that include
and some industrial lands adjacent to Suisun Baystreamflow, sediment supply, geomo.rphology, and
can be readily restored to the aquatic habitat planttides. Secondary ecosystem functions and
community, processes that are linked with the aquatic habitat

plant community group include current velocities;
floodwater and sediment detention and retention;INTEGRATION WITH vegetation succession, overbank flooding, and

OTHER RESTORATION floodplain inundation; and primary production.

PROGRAMS Stressors that affect this plant community group
include levees, bridges, and bank protection;
dredging; non-native species; dams, reservoirs,Many programs and projects aim to protect,

restore, and enhance wetland and open waterand other human-made structures; water

habitats in the San Francisco-San Joaquin Bay-management; gravel mining; contaminants; and

Delta estuary. These include: human disturbance.

¯ Bay Area Aquatic Habitats Planning Group; STRATEGIC OBJECTIVE,
¯ Cache Creek Corridor Restoration Plan; TARGETS, AND¯ California Wetland Riparian Geographic

Information System Project; PROG RAM MATIC
¯ Governor’s California Wetland Conservation ACTIONS

Policy;
¯ Inland Wetlands Conservation Program;
¯ Montezuma Wetlands Project; ~L The strategic objective for the
¯ National Estuarine Reserve Research System;

4~~                  aquatic
habitat plant

¯ North Bay Initiative; community group is to
¯ North Bay Wetlands Protection Program; increase its amountin the
¯ - San Francisco Bay Regional Water Quality Delta to provide habitat for pondweeds

Control Board, and San Francisco Bay with floating and submerged leaves as
Conservation andDevelopmentCommission- well as improved foraging and resting
Regional Wetlands Management Plan; habitat for water birds, particularly diving

¯ San Francisco Estuary Project; ducks, and help to restore and maintain
¯ Tidal Wetlands Species Recovery Plan; the ecological health of the terrestrial and
¯ Wetland Reserve Program; and aquatic resources in and dependent on the
¯ Yolo Basin Wetlands Project. Delta.

LONG-TERM O=aJUCTIVES: Develop protocols
that protect existing and newly established
shallow-water aquatic habitat plant communities
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I within the Sacramento-San Joaquin Estuary fromThe following actions would help to achieve
stressors and other factors. Additional effortstargets for the aquatic habitat plant community

I will need to be taken that assure newlygroup restoration:
established shallow-water aquatic plant
communities consist of native aquatic vegetation̄ Restore perennial shallow water habitat in

I and not introduced aquatic plant species (i.e. concert with restoration oftidalbrackish and
water hyacinth, hydrilla, and other aquarium freshwater marsh and tidal riparian plant
trade plants), habitat.

I
SHORT-TERM OBJECTIVES: Establish aquatic ¯ Link restored areas with existing healthy
habitat plant community in suitable areas within habitats to provide a source of vegetative

I the Delta and Suisun Marsh. Evaluate and propagules and to create large contiguous
remove exotic plant species (i.e. water hyacinth) areas of aquatic habitat.
that out compete native aquatic vegetation. In

I addition, identify, reclaim, and protect areas that̄ Focus restoration effort on leveed lands that
provide shallow-water aquatic plant communities have not yet experienced severe subsidence,
from future development and dredging activities, such as leveed agricultural lands and

I industrial lands adjacent to Suisun Bay.
I:IA’nONAt.E-" Shallow-water plant communities
were once abundant throughout the Sacramento-̄ Restore permanent open-water areas by

I San Joaquin Estuary. Their decline came when establishing elevation gradients sufficient to
the Delta and its associated channels were altered maintain surface water through natural
and dredged to form islands and exotic aquatic groundwater or surface-water recharge, or by

I water plant species came into the system. The pumping water into lowland areas.
reduction in these shallow-water areas has
resulted in the loss of both rearing and escapē Propagate restored areas with pondweeds and

I cover for many fish species that either reside in control invasion by exotics until the
or pass through the Delta. In addition, increased community has become established.
shallow-water plant communities will assist in

I reducing turbidity and contaminate levels that
exist within the system.

I STAGE 1 EXPECTATIONS: Efforts will need to
be undertaken that evaluate the extent of existing
aquatic habitat plant community groups within

i the Estuary and the likely locations were
additional habitats can be created and protected.
Methods will also need to be developed that

i examine the extent of exotic aquatic plant species
within the Estuary and a method of control.

i The general target for restoring the aquatic habitat
plant community group is to provide 500 acres in
the Sacramento-San Joaquin Delta Ecological
Management Zone and 500 acres in the Suisuni Marsh/North San FranciscoBay Ecological
Management Zone.
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TIDAL BRACKISH AND habitat type is to protect existing tidal brackish
and freshwater marshes from degradation or loss

FRESHWATER MARSH and to increase wetland habitat. Achieving this

HABITAT PLANT vision will assist in the recovery of special-status
plant, fish, and wildlife populations, and provide

COMMUNITY GROUP         high-quality habitat for other fish and wildlife
dependent on the Bay-Delta.

INTRODUCTION RESOURCE DESCRIPTION

Tidal brackish marsh habitat is located along theTidal brackish marshes were once continuous
western edge of the Delta and in Suisun marsh,from San Francisco Bay into the western Delta.
Most tidal freshwater marshes in the Delta occurMost remnants of these wetlands are narrow bands
as narrow, fragmented bands along island levees,along the margins of San Pablo Bay and Suisun
channelislands, shorelines and levee blowoutMarsh and Bay. Tidal brackish marshes have
ponds, been substantially reduced as a result of

reclamation and land use conversions to
Tidal brackish and freshwater marshes areagricultural uses, actions that reduced the amount
important habitat areas for fish and wildlifeof land subject totidal flooding.
dependent on marshes and tidal shallows and
support several special-status plant species. TheTidal brackish marshes are important habitats for
loss or degradation of historic tidal brackish andplant, fish and wildlife species that are dependent
freshwater marshes has substantially reduced theon marshes and tidal shallows. These wetland
habitat area available for associated plant, fish andareas serve as an important transitional habitat
wildlife species. Major factors that limit thisbetween open water and uplands. Furthermore,
resource’s contribution to the health of the Bay-tidal exchange is the primary process that supports
Delta are related to adverse effects of wetlandshealthy tidal brackish marshes in the Bay-Delta.
conversion to agricultural, industrial, and urbanTides flush the wetland system, replacing nutrients
uses. and balancing salinity concentrations. Land

management practices such as diking have
The vision for tidal brackish and freshwaterisolated most of the remaining brackish marsh
marsh habitats is to restore large areas ofwetlands from tidal flows.
connecting waters associated with tidal emergent
wetlands and their supporting ecosystemFive distinct plant series are found in tidal
processes. Achieving this vision will assist in thebrackish marshes; each of these is briefly
recovery of special-status plant populationsdescribed below.
depending on these habitats. It will also assist in
the recovery of special-status fish populations andPICKLL=VVEED SERIES: Pickelweeds (Salicornia
provide high-quality aquatic habitat for other fishspecies) are the dominant plants in this series.
and wildlife dependent on the Bay-Delta.Other associated plant species can include alkali
Restoring tidal brackish and freshwater marshheath (Frankenia salina), arrow-grasses
would also result in higher water quality and(Triglochin species), dense-flowered cordgrass
increase the amount of shallow-water habitats;(Spartina densiflora), dodder (Cuscuta salina),
foraging and resting habitats and escape cover forfat-hen (Atriplex patula), jaumea (Jaumea
water birds; and rearing and foraging habitats,carnosa), saltgrass (Distichlis spicata), saltwort
and escape cover for fish. The vision for this(Batis maritima), sea-blite (Suaeda californica),
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and/or sea-lavender (Limonium californicum). (Seirpus acutus), Nevada bulrush (Scirpus
This plant series is generally less than 5 feet tallnevadensis), river bulrush (Scirpus fluviatilis),
and the can be continuous or intermittent, saltgrass (Distichlis spicata), saltmarsh bulrushcanopy

(Scirpus maritimus), slender-beaked sedge (Carex
S.m.TGaASS SERIES: Saltgrass (Distichlis athrostachya), umbrella flatsedge (Cyperus
spicata) is the sole or dominant grass in thiseragrostis), water-plantain (Alisma plantago-
series. Other associated plant species can includeaquatica), and/or yerba mansa (Anemopsis
alkali cordgrass (Spartina gracilis), alkali muhlycalifornica). The plants in this series are generally
(Muhlenbergia asperifolia), alkali sacaton less than 13 feet tall and the cover can be
(Sporobolus airoides), Baltic rush (Juncus continuous, intermittent, or open.
balticus) , common pickleweed (Salicornia
virginica), Cooper rush (Juncus cooperi), one- COMMON REED SERIES: Common reed
sided bluegrass (Poa secunda), sea-lavender(Phragmites australis) is the dominant plant in
(Limonium californicum), slender arrow-grass this series. The community may include emergent
(Triglochin concinna), and/or yerba mansa shrubs and trees. However, few other species are
(Anemopsis californica).    Emergent alkali generally present. Common reed generally grows
rabbitbrush (Chrysothamnus albidus) or iodine less than 13 feettall andthe cover is typically be
bush (Allenrolfea occidentalis) may be present, continuous.
This plant series is generally less than 3.5 feet tall
and the canopy can be continuous or intermittent.Diking of historic wetlands greatly reduced the

amount of tidally influenced marshes in the Delta.
BULRUSH SERIES: Bulrushes (Scirpus spp.) are Reservoir operations and other water management
the dominant species in this series. Common plantpractices that control California’s inland water
species include California bulrush (Scirpussupplies have reduced saltwater intrusion into the
californicus), common three-square (Scirpus Delta by retaining water during winter and
americanus), common rule (Scirpus acutus), releasing water during summer. These complex
Nevada bulrush (Scirpus nevadensis), river water management activities resulted in reduced
bulrush (Scirpusfluviatilis), and sallrnarsh bulrushsaltwater intrusion into the Delta, thereby reducing
(Scirpus maritimus). Other associated plant the area that can support brackish wetlands.
species can include broadleaf cattail (TyphaPreservation of the largest single area of brackish
latifolia), narrowleaf cattail (Typha angustifolia), marsh habitat in Califomia has been accomplished
saltgrass (Distichlis spicata), slenderbeaked sedgeat Suisun Marsh through implementation of a
(Carex athrostachya), southern cattail (Typhacomplex watercontrol system.
doraingensis), umbrella flatsedge (Cyperus
eragrostis), water-plantain (Alisma plantago- Prior to the mid-1800s, extensive areas of tidal
aquatica), and/or yerba mansa (Anemopsis freshwater marsh habitat occurred throughout the

The in this series Central in the Delta.Acalifornica). species are Valley, particularly
ḡenerally less than 13 feet tall and the cover cancomplex network of rivers, sloughs, and channels
be continuous or intermittent, connected low islands and basins that supported a

diverse and dense variety of freshwater marsh
CArreL SERIES: Cattails, including broadleaf vegetation. This freshwater marsh vegetation
cattail (Typha latifolia), narrowleafcattail (Typhasupported a diversity of plant, fish and wildlife
angustifolia), and southern cattail (Typha species and ecological functions. Vast areas of
doraingensis)(Typha spp.) are the dominant plantsthe Sacramento-San Joaquin Valleys were
in this series. Associated plant species can includecommonly flooded in winter by a slow-moving
Califomia bulrush(Scirpuscalifornicus),common blanket of silt-laden water. Flood control
three-square (Scirpus americanus), common ruleactivities and land settlements in the late 1800s
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and early 1900s led to the development of leveedecological processes that support wetlands.
Delta islands. Levees and other land uses led toRemoving the perennial water and vegetation
the loss of freshwater marshes in the Delta. Lossfrom the organic soils of Delta islands resulted in
of wetlands has substantially reduced habitat forsoil oxidation and, subsequently, the subsidence of
wetland wildlife species in the Bay-Delta system,the interior islands. Loss of these tidal flows to
Freshwater marsh losses have also substantiallyislands has reduced habitat for native species of
reduced the area available for the biologicalfish, plants, and wildlife; reduced water quality;
conversion of nutrients in the Delta. The Deltaand decreased the area available for floodwater
contains insufficient wetland area to providedispersion and suspended silt deposition.
adequate levels of nutrient transformation, which
results in lower quality water in San FranciscoHigh tidal velocities in confined Delta channels
Bay. continue to erode remaining freshwater marshes at

a greater rate than habitat formation. Continued
The loss of freshwater marshes has substantiallyerosion reduces the amount of freshwater marshes
reduced the habitat of several plant and wildlifeand changes the elevation of the land. Elevation
species. Some species have been designated asaffects the types of plant species that can grow
California or federal special-status species and aredepending on a species’ ability to tolerate
threatened with local extermination. At least eightflooding. Flood protection and levee maintenance
special-status plant species, Suisun Marsh aster,continue to impair wetland vegetation and prevent
California hibiscus, bristly sedge, Jepson’s tulethe natural reestablishment of freshwater marshes
pea, Mason’s lilaeopsis, marsh mudwort,in some locations.
Sanford’s arrowplant, and marsh scullcap, are
native to the Delta. Most of these plants areWind, boat-wake waves, and high water velocities
adapted to a complex tidal cycle and are typicallyin confined channels actively erode the soil
found with more common vegetation such as rule,needed to support remnant freshwater marshes.
cattails, common reed, and a great diversity ofContinued erosion of existing habitat, such as
other herbaceous plant species. Changes inmidchannel islands and levees and levee berms, is
habitat conditions have allowed the invasion ofcurrently the primary cause of habitat loss in the
hundreds of non-native weedy plant species.Delta.
Some of these species, such as water hyacinth,
now clog waterways and irrigation ditches and VISION
reduce overall habitat quality for native plants and
wildlife. Over 50 species of birds, mammals,

Restoration of tidal brackish and freshwaterreptiles, and amphibians use freshwater marshes
marsh habitat would focus on protecting andin the Delta. Populations of some wildlife speciesimproving important existing wetlands, such as

that are closely dependent on freshwater marshes,channel islands, and restoring wetlands in thesuch as the California black rail, giant garter
snake, and western pond turtle, have beenSacramento-San Joaquin Delta and Suisun

substantially reduced in the Delta and designated
Marsh/North San Francisco Bay Ecological

A few wetland-
Management Zones.

special-statusspecies.
associated species, such as waterfowl and egrets,Restoring tidal brackish marsh is dependent on
have successfully adapted to foraging on somerestoring tidal flows, establishing and maintaining
types of Delta croplands converted from historichealthy estuarine salinity gradients appropriate,wetland areas,

and reestablishing elevation gradients from open
water to uplands. The following actions wouldIsolating wetlands from tidal flows and removing
help achieve saline emergent wetlands restoration:Delta island freshwater marshes changed the
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I
¯ restore tidal flows to diked wetlands by by allowingdepositionandwetlandestablishment.

breaching dikes in suitable areas; Wetlands erosion could be reduced by reducing

I boat speeds where wetlands are subject to boat-
¯ establish desirable estuarine salinity gradientswake-induced erosion (e.g., Snodgrass Slough).

by managing water diversions and waterConstructing protective structures around eroding

I releases from upstream reservoirs to controlchannel islands would weaken wave action (e.g.,
seasonal freshwater inflows to the Delta; wave barriers and riprap groins) in a way that

retains habitat value for fish and wildlife.

I ¯ balance seasonal flows from reservoirs forProtecting inchannel islands from further erosion
fisheries, water conveyance, flood control, and connecting with larger islands would provide
and the needs of other habitats; and greater protection for this unique habitat.

I ¯ restore a more natural elevation gradient inRestoring freshwater marsh habitat is dependent
wetlands to allow a greater diversity of nativeon local hydrological conditions (e.g., water

I saline plant species, including special-statusdepth, water velocity, and wave action); land
species, that are adapted to differentelevation and slope; and the types and patterns of
elevations and provide a broader range ofsediment deposition. The approach to restoring

I habitats for wildlife, freshwater marshes would include:

Enhancing and increasing tidal brackish marsh̄ reestablishing the hydraulic, hydrologic, and

I habitat would also help to increase water quality, depositional processes that sustain freshwater
Areas restored to tidal flow will contribute to the marshes and inchannel islands;
aquatic foodweb of the Bay-Delta and provide fish

I rearing habitat. Restoring tidal brackish marshes̄ restoring a full spectrum of wetland elevations
would improve the ecological value of adjacent to allow the establishment of a greater
associated habitats, including tidal aquatic diversity of plant species, including special-

I habitats, and will provide an important transitional status species adapted to different elevations
zone between open water and uplands, within the tidal or water (nontidal sites)

column; and
Other habitat restoration efforts will be directedI toward reestablishing native plant species,̄ providing a broader range of habitats for
controlling competitive weedy plants, increasing wildlife.
the quality of adjacent upland habitats to provide

i refuge for wildlife during high tides, andRestoration of marshes would befreshwater
modifying land use practices that are incompatiblecoordinated with restoration of other habitats to
with maintaining healthy wetlands. Restoringincrease overall habitat values. Restoration wouldI saline wetlands would be coordinated also include reestablishment of the full diversity ofemergent
with restoration of other habitats to increasefreshwater marsh plant associations to ensure that
overall habitat values. For example, salinethe habitat needs of special-status and other

wetland greatly increases wildlife species that are dependent on specific vegetationemergent
habitat quality of deep and shallow open-waterassociations are met.
areas and adjacent grasslands.

I Protecting and restoring freshwater marshes could
To prevent further loss of existing freshwaterbe accomplished by implementing elements of
marshes, erosion rates must be reduced,existing restoration plans such as Central Valley

I Inchannel islands and levee berms are ofHabitat Joint Venture; expanding State and federal
particular concern. Erosion lossescouldbeoffsetwildlife areas to create additional wetland
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complexes; improving management of existinḡ protecting existing habitat areas from
and restoring additional freshwater marshes on potential future degradation through
private lands; and reestablishing connectivity acquisition of conservation easements or
between the Delta and Delta islands, and between purchase from willing sellers.
channels with their historic floodplains.

Restoration of stream meander belts and the
Major opportunities exist for restoring tidal process of overbank flooding along major
freshwater marshes. Actions that would helptributaries to the Bay-Delta as proposed in the
restore fresh emergent wetlands include: ERPP in other ecological management zones will

also create the conditions necessary for the natural
¯ Setbacks or breaches of island levees to allow reestablishment of freshwater marshes elsewhere

water flows to naturally reestablish wetlands,in the Central Valley.

¯ Increase land elevations in the interior ofThese protection and restoration needs could be
Delta islands where subsidence has loweredmet by establishing cooperative efforts between
land elevations below tidal emergent wetlandsgovernment and private agencies. This effort

would coordinate implementation of existing
¯ Use substrate materials to create levee bermsrestoration strategies and plans; develop and

at elevations necessary for freshwaterimplement alternative land management practices
emergent vegetation on public lands to improve wetland habitat quality

or promote habitat recovery; provide incentives to
¯ Modify, where consistent with flood control private landowners to implement desirable land

objectives, levee vegetation managementuse practices; establish additional incentive
practices to allow wetland vegetation to programs to encourage landowners to create and
naturally reestablish, maintain saline emergent wetlands; and protect

existing habitat areas from future degradation
¯ Reintroduce native wetland plants intothrough acquisitionofconservationeasementsor

suitable sites, purchase from willing sellers.

These protection and restoration strategies could | NTEGRATION WITH
be implemented by:

OTHER RESTORATION
¯ establishing cooperative efforts between PROGRAMS

government and private agencies to
coordinate the efficiency of implementingEfforts to restore tidal brackish and fresh
existing restoration strategies and plans; emergent marsh habitat would involve cooperation

with other wetland restoration and management
¯ developing and implementing alternative landprograms. These include:

management practices on public lands to
improvewetlandhabitatquality promote ¯ Agricultural Stabilization and Conservationor
habitat recovery, and provide incentives to Service’s Wetland Reserve Program.
private landowners to implement desirable
land practices;use ¯ Wildlife Conservation Board’sInland

Wetland Conservation Program
¯ establishing additional incentive programs to

encourage landowners to establish and
maintain freshwater marsh wetlands; and
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¯ restoration programs administered by Duckswildlife and plant communities depend on healthy
Unlimited and the California Waterfowl tidal brackish and freshwater marshes. These
Association include Suisun Marsh aster, California hibiscus,

bristly sedge, Jepson’s tule pea, Mason’s
¯ the Suisun Marsh Protection Plan lilaeopsis, marsh mudwort, Sanford’s arrowplant,

and marsh scullcap and the salt marsh harvest
¯ ongoing management of State and federalmouse.

wildlife refuges and private duck clubs
Tidal brackish marshes are impaired by reduced

¯ and the San Francisco Bay Wetlandsseasonal inflows of fresh water, landuse, andloss
Ecosystem Goals Project 0fupland habitat, and introduction an proliferation

ofinvasive salt marsh plant species. Stressors that
Proposed ERPP targets may be adjusted to reflecthave reduced the extent of fresh emergent
goals identified by the San Francisco Baywetlands include flood protection practices, levee
Wetlands Ecosystem Goals Project. Restorationconstruction, and the loss of tidal flow. Increased
efforts would be conducted in cooperation with velocities in Delta channels causes erosion of
agencies or organizations with responsibility orwetlands and changes the elevation of the land.
authority for restoring wetland and aquaticWind and boat wake erosion also contribute to the
habitats, including: loss of soil needed to support fresh emergent

wetlands in area where midchannel islands and
¯ U.S. Bureau of Reclamation levee berms are present.

¯ California Department ofFish and Game, STRATEGIC OBJECTIVE,
¯ California Department of Water Resources, ANDTARGETS

PROGRAMMATIC
¯ U.S. Fish and Wildlife Service,

ACTIONS
¯ U.S. Army Corps of Engineers,

~ The Strategic Objective for
¯ and the Delta Protection Commission tidal brackish and freshwater

marsh is to protect and
LINKAGE WITH OTHER . enhance existing wetlands by

restoring tidally influenced
ECOSYSTEM ELEMENTS brackish and freshwater marsh areas in

the Delta. The increased wetland area
Tidal brackish and freshwater marshes are linkedwould expand the populations and ranges
to other ecological elements in the Bay. Tidal of associated special-status plant and
exchange is an important ecological function that animal species and would provide habitat
restores the proper salinity and nutrient balance for and otherwaterfowl, shorebirds,
and mixed fresh and estuarine waters, associated wildlife. It would also provide

rearing habitat, foraging habitat and
Tidal brackish and freshwater marshes are closely for fish.escape cover
linked to open water areas and upland habitats.
The value of each habitat is increased by the
presence and quality of the adjacent types ofLONG-TERM OBJECTIVES’-Protect and restore,

habitats. A variety of aquatic and terrestrial fish,on a self-sustaining basis, throughout the Bay-
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Delta, multiple large areas of tidal brackish and̄ balance seasonal flows from reservoirs for
freshwater marsh in association with tidal fisheries, water conveyance, flood control,
perennial and perennial grassland to a point where and the need of other habitats;
all at-risk species that depend on the habitat are no
longer at risk. ¯ restore a more natural elevation gradient in

wetlands to allow a greater diversity of native
SHOFn’-TERI~I OBJECTIVES: Identify, locate, saline plants species, including special-status
and conserve existing, high quality tidal brackish plant species that are adapted to different
and freshwater marsh. Restore several large areas elevations and provide a broader range of
’of tidal brackish marsh in the Suisun Marsh and habitats for wildlife.
several large areas of tidal freshwater marsh in the
Delta. Actions that would help restore tidal freshwater

marsh include:
RATIONALE." Tidal brackish and freshwater
marsh w.etlands are two habitats that support ā setbacks or breaches of island levees to allow
diverse and unique plant assemblage. Some of the water flows to naturally reestablish wetland;
most endangered plants, such as the Suisun thistle,
is found only in tida! brackish marsh wetlands in̄ increase land elevations in the interior of
the Suisun Marsh. They merit special attention Delta islands where subsidence has lowered
because their restoration is urgently needed for the land elevation below tidal emergent wetlands;
benefit of many species, both plant and animal.
They also represent, by acreage, some of thē use of substrate materials to create levee
largest restoration projects that are likely to be berms at elevations necessary for freshwater
attempted in the system. Prior to implementing marshes;
larger scale tidal restoration projects, a
determination will be made about whether suitablē modify, where consistent with flood control
elevation, topography, and geomorphological objectives, levee vegetation management
conditions exist to allow the successful restoration practices to allow wetland vegetation to
of natural marsh building processes, naturally establish;

¯ reintroduce native plants into suitable sites.
STAGE 1 EXPECTATIONS: Ongoingefforts to
restore large expanses of tidal brackish andThese protection and restoration strategies could
freshwater marsh will have continued andbe implementedby:
experimental pilot projects to restore tidal marshes
to areas in the Suisun Marsh and San Pablo Baȳ establishing cooperative efforts between
and Delta islands will have been undertaken, government and private agencies to

coordinate the efficiency of implementing
The following action would help achieve tidal existing restoration strategies and plans;
brackish marsh restoration:

¯ developing and implementing alternative land
¯ restore tidal flows to diked wetlands by management practices on public lands to

breaching dikes in suitable areas; improve wetland habitat quality or promote
habitat recovery, and provide incentives to

¯ establish desirable estuarine salinity gradients private landowners to implement desirable
by managing water diversions and water land use practices;
releases from upstream reservoirs to controls
seasonal freshwater inflow into the Delta;
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¯ establish additional incentive programs to
encourage landowners to establish and
maintain freshwater marshes; and

¯ protecting existing habitat areas from
potential future degradation through
acquisition of conservation easements or
purchase from willing sellers.

Restoration of stream meander belts and the
process of overbank flooding along major
tributaries to the Bay-Delta as proposed in the
ERPP in other ecological management zones will
also create the conditions necessary for the natural
reestablishment of tidal brackish and freshwater
marsh habitats elsewhere in the Central Valley.
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SEASONAL WETLAND are frequently flooded, upland plants cannot
survive.

HABITAT PLANT
COM M UNITY GROUP Vernal pools are seasonally flooded depressions

formed where a barrier, such as a clay pan or
cemented hard pan, restricts percolation of
rainwater and runoff from adjacent areas during

INTRODUCTION               the winter rainy season. They support a distinctive
herbaceous biota adapted to periodic or

The Bay-Delta seasonal wetland habitat plantcontinuous inundation during the wet season and
community group includes vernal pools anddesiccated soils during the dry season (Holland
seasonally flooded areas. Vernal pools areand Jain1977, Holland1978, Thorne1984, Zedler
probably best described as specialized1987, Jones & Stokes Associates 1990). Vernal
components of terrestrial (land-based) habitatspools usually occur in depressions between small
and requiring specific geomorphic features. Othermounds or ridges in a hummocky, rolling, or
seasonally flooded areas may be described asreticulated landscape. They vary in size from
areas which flood for periods that are too long toseveral yards to well over 1 acre and the largest
support characteristic upland vegetation,pools are really seasonal lakes, like Olcott Lake at
Seasonally flooded areas may occur in lowthe Jepson Prairie Preserve in Solano County.
grassland basins, the perimeter of the permanentVernal pools are common in grasslands in
marshes, and within a stream course or itsnorthern Central Valley where the natural
floodplain. Historically, seasonal wetlandsgeomorphology remains relatively unchanged.
occurred throughout the Central Valley. Loss of
seasonal wetland habitat, Vemal pools inSpecies commonly found as dominants in vernal
particular, has directly resulted in the listing ofpools include goldfields (Lasthenia spp.),
several species as threatened or endangered undernavarretia (Navarretia leucocephala), prostrate
the federal Endangered Species Act. pigweed (Polygonum arenastrum), coyote thistle

(Eryngium spp.), woolly marbles (Psilocarphus
Major factors that limit the contribution of this spp.), popcorn flowers (Plagiobothrys spp.),
habitat type to the health of the Bay-Delta aredowningias (Downingia spp.), annual hairgrass
related to adverse effects of land conversion, and(Deschampsia danthonioides), and common
substantial reductions in seasonal overbankspikerush (Eleocharis macrostachya). Many
flooding. State- and federally listed plants, invertebrates,

and wildlife, including Contra Costa goldfields
RESOURCE DESCRIPTION (Lasthenia conjugens), legenere (Legenere

limosa), western spadefoot toad (Scaphiopus
Vemal pools are associated with soils (claypan,hamondii), Califomia tiger salamander

hardpan) that maintain standing water after winter(Arabystoma tigrinum), and various fairy shrimp,
and spring rains. In some areas of the Centralare native to or associated with vemal pools. In
Valley, high spring flows from the rivers andaddition, a variety of birds, including migrating

creeks saturate soils. Seasonal wetlands arewaterfowl, shorebirds, and ground-nesting birds

created when puddles or small ponds form insuch as meadowlarks, commonly use seasonal

depressions or standing water remains in low-wetlands habitat.

lying grass fields after river flows recede.
Although aquatic plants can establish in areas thatVernal pools are best distinguished from one

another by specific geomorphic features then by
plant species composition. This is because the
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species composition and the relative cover by eachscrub and eventually riparian woodland. Beyond
species varies not only between pools, but variesthe normal river flows, wetlands probably formed
from season to season within the pools. Twowhere rains and high flows left areas too wet for
vernal pool ecosystem types are recognized in theterrestrial plants to establish. These wetland areas
Bay-Delta region. They are northern claypanprovide high-quality habitat for a special status
vernal pools and northern hardpan vernal pools, plant, Sanford’s arrowhead (Sagittaria sanfordii),

and a variety of wildlife including waterfowl,
Northern claypan vernal pools contain mixo-salineother migratory birds, shorebirds, red-legged
water to freshwater ponded over claypans. Theyfrogs, giant garter snakes, and tricolored
occur on neutral to alkaline, silica-cementedblackbirds.
hardpan soils which are often saline. They are
more widespread in the south San Joaquin CentralThe continued existence of the seasonal wetland
Valley but range north into the Sacramentohabitat plant community group is closely linked to
Central Valley area. Alkaline types of claypanoverall ecosystem integrity and health. Although
vernal pools are characterized by a high alkalinemany species that use seasonal wetlands are
salt content and dominance by plant speciesmigratory (e.g., waterfowl and sandhill cranes),
adapted to these conditions. Alkaline pools occurmany others have evolved (e.g., spadefoot toad,
on extremely salty soils such as the Pescadero clayfairy shrimp, and many specialized plants) and
series underlying Olcott Lake in the Jepson Prairieadapted to seasonal wetlands.
Preserve. Alkaline pools support common alkaline
plants such as alkali heath (Frankenia salina), The extent and quality of the seasonal wetland
alkali mallow (Malvella leprosa), and alkali weedhabitat plant community group has declined
(Cressa truxillensis). Some special status plants because of cumulative effects of many factors,
found in alkaline pools include bearded popcornincluding:
flower (Allocarya histriculus), Solano grass
(Tuctoria mucronata), and Colusa grass ¯ modification of natural geomorphology such
(Neostapfiacolusana). as ground leveling for agriculture and

development,
Northern hardpan vernal pools contain mixo-
saline water to freshwater impeded by hardpans.̄ adverse effects of overgrazing,
They occur on old, acidic, iron-silica cemented
soils including Coming, Redding, and San Joaquin̄ contamination from herbicides,
soil series. They are typically found on old alluvial
fans the Central ¯ establishment of non-native that haveringing Valley. species

an adverse effect on native wetland plants and
Seasonally flooded areas play a vital role in the wildlife,
natural succession of plant communities.
Seasonally flooded areas that maintain surfacē flood control and water supply infrastructure
water for long periods may support herbaceous that reduces overbank flooding and floodplain
plant dominants in three recognized plant size, and
communities - cattails, bulrushes, and sedges.
Historically, these emergent plant species werē reduction of the natural underground water
probably prevalent along natural stream courses table that supported wetlands.
where long-standing water reduced the ability of
upland species to establish. These types ofExisting wetland regulations have been in effect
wetlands provide the essential building blocks forfor several years in an attempt to prevent the
the future establishment of riparian (streambank)further loss of wetlands. The protected status of
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wetlands has resulted in an extensive permitting
| NTEGRATION WITHprocess for construction in wetland areas.

Mitigation measures have been developed to OTHER RESTORATION
offset loss of existing wetlands as a result of PROGRAMS
construction activities. These efforts have slowed
the rate of wetland loss in many areas. Large-Efforts to restore seasonal wetland habitat plant
scale efforts in areas such as the Suisun Marsh,communities would involve cooperation with
Grasslands Resource Conservation District, Yoloother restoration programs, including:
Bypass, Cosumnes River Preserve, Jepson Prairie
Preserve, and Butte Sink have been successful in̄ Upper Sacramento River Fisheries and
maintaining and restoring seasonal wetlands. Riparian Habitat Council,

VISION ¯ Suisun Marsh Protection Plan,

The vision for the seasonal wetland habitat plant̄ California Department of Fish and Game
community group is to improve the quality and wildlife areas,
extent of these habitat plant community group bȳ U.S. Fish and Wildlife Service refuges,
restoring ecosystem processes that sustain them,
preserving and enhancing their linkage tō Cosumnes River Preserve,
important other habitat plant community groups
and reducing the effect of stressors. ¯ Jepson Prairie Preserve,

Restoration of seasonal wetland habitat will focus̄ Solano County Farmland and Open Space
on protecting and improving important existing Land Trust,
wetlands, reestablishing vernal pools within and
adjacent to existing ecological reserves, and̄ Ducks Unlimited ValleyCare Program,
restoring seasonal wetlands in the Sacramento-San
Joaquin Delta and Suisun Marsh/North San̄ California Waterfowl Association,
Francisco Bay Ecological Management Zones.
Seasonal wetland restoration will be coordinated̄ Cache Creek Corridor Restoration Plan,
with restoration of other habitats, including
shallow-water and riparian woodland and scrub.¯ The Nature Conservancy,
Restoration would include reestablishment of the
full diversity of seasonal wetland plant̄ California Native Plant Society,
associations to ensure that the habitat needs of
special-status and other species that are dependent̄ Putah Creek South Fork Preserve,
on specific vegetation associations are met.

¯ Woodbridge Ecological Reserve,
Actions that would help protect and restore
seasonal wetland habitat plant communities arē Yolo County Habitat Conservation Plan,
contained in the Vision for Seasonal Wetland
habitat. ¯ and Central Valley Habitat Joint Venture.

¯
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I
LINKAGE WITH OTHER the Delta’s aquatic resources; and provide

ECOSYSTEM ELEMENTS high quality habitat for plant and wildlife
resources including State- and federally

The seasonal wetland habitat plant community listed plants, invertebrates, and wildlife
that use or occur in vernal pools andI group is linked to other ecosystem elements in the

ERPP Study Area. The seasonal wetland habitat
seasonally flooded areas.

plant community group includes vernal pools and

i seasonally flooded areas that support manyLONG-TERM OBJECTIVES: Restore, protectand

species and communities of wildlife and plants,manage, throughout the watershed, multiple large
Seasonal wetland habitat plant communities areareas of seasonal wetlands in association with

i linked to primary and secondary physicalother aquatic, wetlands, riparian, and perennial
processes including geomorphology, vegetationgrassland habitat types in the Central Valley to a
succession, overbank flooding, and floodplainpoint where the needs of seasonal wetland
inundation. Seasonal wetland habitat plantassociated plants such as Sanford’s arrowhead and
communities are linked to stressor elementsalkali heath are met and all at-risk species that
including land use, non-native species, waterdepend on the habitat are no longer at risk.

i management, and human disturbance. Seasonal
wetland habitat plant communities are linked toSHORT-TERM OBJECTIVES: in the Bay-Delta,
habitat elements including vernal pool, seasonaland begin implementation of action plans for
wetland, and emergent wetland habitats. Links torestoring significant, large areas of seasonal
wildlife elements include the greater sandhillwetland.
crane, fresh emergent wetland wildlife guild,
riparian wildlife guild, sho~:ebird and wading bird RATIONALE: Restoring seasonal wetlands in

I waterfowl and native and combination with other wetland and upland habitatguild, guild, amphibians
reptiles. Vernal pool special-status plant species istypes will help restore and maintain the ecological
also linked to seasonal wetland habitat planthealth of aquatic, terrestrial, and plant resources in
communities, the Delta and other areas of the Central Valley.

Foodweb processes will be supported and the

STRATEGIC OBJECTIVE, effects of contaminants reduced. ~ Seasonal

i wetlands will provide high quality foraging and
TARGETS, AND resting habitat for wintering waterfowl, greater

PROGRAMMATIC sandhill cranes, and migratory and wintering
shorebirds. Restoration of seasonal wetlands will

ACTIONS occur as a by product of restoring floodplain
processes in a manner that improves spawning

I ~1~ The Strategic Objective f or the habitat for fish species such as splittail while

seasonal wetlandhabitatplant avoiding concurrent increases in non-native

community group is to restore predatory fish. Furthermore, restoring other

I and manage this habitat type wetland habitats in the Delta, such as tidal

in the Delta to help restore emergent wetland and tidal perennial aquatic
and maintain the ecological health of the habitat, can reduce habitat values for species such

I aquatic resources in and dependent on the as waterfowl and the State listed greater sandhill

Delta: restore foodweb and floodplain crane. Increasing seasonal wetlands in the Delta

processes; reduce the effects of will ensure that any adverse impacts associated

I contaminants and water management on with those habitat losses will be fully mitigated.
Each habitat, including seasonal wetlands,
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supports a different assemblage of organisms and
quite likely many of the invertebrates and plants̄ establish incentive programs to encourage
are still unrecognized as endemic forms. Thus landowners to establish and maintain seasonal
systematic protection of examples of the entire wetlands, and
array of habitats in the region provides some
assurance that rare and unusual aquatic organisms¯ develop vegetation management programs to
and rare plants will also be protected, preventing enhance habitat value and reduce impacts
contentious endangered species listings, from stressors such as introduced species.

STAGE 1 EXPECTATIONS: Several large
seasonal wetland projects will have been initiated
in the Delta. At least two of the projects will be
associated with floodplain process restoration
projects. At least two projects will be associated
with restoring seasonal wetlands in heavily
subsided areas where land elevations are too low
to support actions to restore aquatic habitat. At
least one project will be associated with expanding
the vernal pool wetlands in the northeastern
Suisun Marshlands and Bay Ecological
Management Unit adjacent to the Yolo Basin
Ecological Management Zone.

Actions that would help protect, restore, and
enhance seasonal wetlands are contained in the
Vision for Seasonal Wetlands and as follows:

¯ implement existing restoration plans,

¯ expand public and private preserves and
wildlife areas to create additional wetland
complexes, including vernal pools and
seasonally flooded areas,

¯ improve management of existing wetlands
and restore seasonal wetlands on private
lands,

¯ reconnect channelized streams and rivers to
their historic floodplains,

¯ develop and implement alternative land use
practices on public and private lands that will
protect and improve vernal pools and
seasonally flooded areas and allow existing,
compatible land uses, such as seasonally-
managed grazing, to continue,
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I
INLAND DUNE HABITAT lessingia (Lessingia glandulifera), nude

buckwheat (Eriogonum nudum var.

I PLANT COMIUI U N ITY auricalataum), and telegraph weed (Heterotheca

GROU P grandiflora). Individual emergent shrubs or coast
live oak (Quercus agrifolia) trees may be present

I over the ground canopy. The ground layer is
generally open, and annual plants are seasonally

I NTRODU CTION               present. The low nutrient conditions of the soils

I and natural instability of dune sands limit the
Inland dune scrub is associated with inland sandamount of vegetation that establishes on the inland
dunes and is limited to the Delta in the vicinity ofdunes.

I the Antioch Dunes Ecological Reserve. This
habitat area supports two plant and one butterflyDirect and indirect disturbances are reducing the
species listed as endangered under the federalextent and health of inland dune scrub habitat and

i Endangered Species Act. Major factors that limit its associated plants and animals. Sand mining"
this resource’s contribution to the health of thedirectly removes habitat. Urban development has
Delta are related to adverse effects of sandmoved onto historical dune habitat and changed

i mining~ dune conversion to other land uses, dunewind-flow patterns. Excessive foot traffic, off-
stabilization, and land use practices that maintainroad vehicle traffic, and grazing disturb dune
the dominance of non-native plants, surfaces, which makes dunes more susceptible to

I erosion. Application of herbicides, pesticides, and
RESOURCE DESCRIPTION fertilizers change ecological processes that may

encourage or support non-native species.

I ANTIOCH DUNES. Inland dune scrub is Structures or activities that reduce or accelerate

localized in areas of wind-modified streamwinds, wind-disturbances, or barriers to wind-
deposits in the south and western Delta. Inlanddriven sand movement disrupt the process that

I dune scrub exists between Antioch and Oakley,sustain dunes. Wind patterns blow river-deposited

south of Rio Vista, and on Brannan Island. Soilsand into shifting dunes. Shifting sand offers little
information indicates that the total inland sand-stability for establishing plant root systems. Plant

i dune habitat within Contra Costa, Solano, andspecies characteristic of dunes survive within a
Sacramento Counties was historically less thandisturbance threshold. Direct disturbances inhibit
10,000 acres. Remaining habitat areas are beingthe ability of dune-associated plants to establish

protected. Most protected inland dune scrub isand result in loss of plant vigor or mortality. Sand

i located within the Antioch Dunes Ecologicalmovement barrierscreateconditions unfavorable
Reserve and Brannan Island State Park. Thesefor establishing native dune vegetation. These
protected areas represent important, but small,types of disturbances create site conditions

I relictual of this habitat, conducive to establishing invasive weedy plants.examples unique
Non-native weeds compete with native dunes

The vegetation at Antioch Dunes consists ofplants and reduce overall habitat quality.

I scattered forbs and that form Continued disturbance of potentially restorablegrasses aground
canopy. Characteristic plant species includeadjacent habitat could interfere with protecting
Antioch dunes evening-primrose (Oenothereaand restoring additional areas of high-quality

deltoides howellit), California croton (Croton habitat by affecting dune structure and destroyingssp.
californicus), California matchweed (Gutierrezia buckwheat which serves as foot for the Lange’s

californica), ContraCostawallflower(Erysimum metalmark, a federally listed as endangered

i capitatum), devil’s-lettuce (Amsinckia tesselata), species, as well as the federally listed Antioch
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dunes evening primrose andContra Costa and habitat enhancement to allow the
wallflower, establishment of native inland dune species. Use

of herbicides, pesticides, and fertilizers would be
eliminated except if it is necessary for specificVISION
non-native weedy plant species removal.

The vision for inland dune scrub habitat is to
protect and enhance existing areas and restore INTEGRATION WITH
former habitat areas. Achieving this vision will OTHER RESTORATIO N
provide high-quality habitat for associated special-
status plant and animal populations. PROGRAMS

Restoration of inland dune scrub would focus onEfforts to restore inland dune habitat will involve
protecting and improving important existingcooperation with programs managed by the
habitat areas. Historic inland dunes adjacent toAntioch Dunes National Wildlife Refuge.
existing ecological reserves in the Sacramento-Cooperation from agencies with responsibility or
San Joaquin Delta Ecological Management Zoneauthority for restoring inland dune habitat will be
would be reestablished. Protecting and restoringsolicited. These include:
inland dune scrub habitat would begin by
identifying areas that are not currently managed̄ California Department ofFish and Game,
for their resource values. Appropriate methods to
protect and restore identified areas would be¯ U.S. Fish and Wildlife Service,
developed. Protected habitat areas would be
evaluated to determine effective restoration̄ U.S. Army Corps of Engineers, and
management practices to increase habitat value.
The results of these evaluations would determinē Delta Protection Commission.
how habitat would be protected and restored. For
example, importing sand from areas proposed for LINKAGE WITH OTHER
development into low-quality areas proposed for
restoration will provide important natural substrate ECOSYSTEM ELEMENTS
that will increase the restoration potential.
Management of the inland dune areas that areInland dune scrub habitat is limited to the area
currently protected should focus on maintenancenear the Antioch Dunes Ecological Reserve. This
of the natural conditions to assure the natural dunetype of habitat is important for two plant and one
ecosystem process is continued, butterfly species listed as endangered under the

federal Endangered Species Act.
Reduction of stressors will be the key in
establishing a long-term protection programs. InIt is adversely affected by human caused actions
protected areas, management would includethat contribute to erosion and spread of non-native
reducing human access to dune areas,species.

Development of small boardwalks will reduce
human disturbance in areas where recreational
access or interpretive trails are needed. Access to
the dunes by motorized or other vehicles would be
prevented except as part of restoration and
enhancement activities. Management activities
would include exotic weed plant species removal
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I
STRATEGIC OBJECTIVE, represent a localized habitat that does not support

other types of upland vegetation.

I TARGETS, AND
PROGRAMMATIC STAGE 1 EXPECTATIONS: The feasibility of

reestablishing inland dune scrub habitat on

I ACTIONS historic dunes adjacent to the existing ecological
reserve will have been completed. The most

~
The Strategic Objective for      appropriate means to protect and restore identified

i inland dune scrub habitat is to areas adjacent to and within the reserve will have
improve low- to moderate- been completed and at least partially implemente&

¯quality Delta inland dune Small boardwalks will have been constructed to

i habitat to support special- reduce human disturbance in areas where access
status plant and animal species and other or interpretive trails are required.
associated plant and wildlife species.

I Managing protected areas could include reducing

LONG-TERM OBJEeTWE: Protect, manage, and
disturbance of dunes and dune vegetation. This

restore, on a self-sustaining basis, inland dunecould be accomplished by reducing vehicle and

I habitat in the vicinity of Antioch Dunes
pedestrian access to dune areas. Protective
structures, such as small boardwalks could beEcological Reserve and the invertebrate and plantsbuilt. These actions would reduce habitat

species that depend on this habitat, disturbance while maintaining recreational access.
I The following actions would help restore inlandSHORT-TERM OBJECTIVE: Improve or restore

dune habitat:existing dune habitat within the Antioch Dunes

I ¯ remove barriers to wind-driven sand-dune
EcologicalReserveand identifyand conserve
existing inland dune scrub habitat adjacent to the movement to increase the area that would be
reserve, available for natural expansion of the sand-

I RATIONALE: Inland dune scrub is associated dune base.
w import sands from areas being developed or

with inland sand dunes and is limited to the clean sand dredged from Bay-Delta channels
I vicinity of the Antioch Dunes National Wildlife

to increase restoration and dunepotential area.Refuge. Major factors that limit this resource’sw control non-native weeds to recreate
contribution to the health of the Delta are related conditions suitable for reestablishment of

I to adverse effects of sand mining, dune
native duneplants.

conversion to other land uses, dune stabilization,̄ reduce the use of herbicide, pesticides, andand land use practices that maintain the
fertilizers that adversely effect native dune

I dominance of non-native plants. Two special-
vegetation and wildlife.status plant species, the Antioch Dunes evening

primrose and the Antioch Dunes wallflower, are      Dune habitat protection and restoration strategies

I found with inland dune scrub. The Lange,scould be implemented through cooperative efforts
metalmark, a butterfly listed as endangered underwith existing ecological reserves. Restoration
the federal Endangered Species Act (ESA), isefforts should focus on implementing existingknown only from the Antioch Dunes, where itI protection and restoration programs, establishing
feeds on naked buckwheat. The low nutrientcooperative agreements with land managementconditions of the soils and natural instability of
dune sands limit the amount of vegetation that

agencies, and establishing conservation easements

I establishes on the inland dunes.The dunes
of purchasinglandfromwilling sellers.
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TIDAL RIPARIAN HABITAT billed cuckoo and Swainson’s hawk. More
extensive and continuous riparian vegetation

PLANT COMMUNITY cover on along rivers and in the Delta will

GROUP stabilize channels; help to shape submerged
aquatic habitat structure; benefit the aquatic
environment by contributing shade, overhead
canopy, and instream cover for fish; and reduce

INTRODUCTION               local water temperatures. More extensive and
continuous riparian vegetation associated with

The tidally influenced shorelines of rivers and thewoody debris (branches and root wads) and leaf
Delta are often vegetated with woody riparianand insect drop in shallow aquatic habitats will
trees and shrubs. The structure of this riparianincrease the survival and health of juvenile
vegetation can be like that of a forest, woodland,salmonids and resident Delta native fish.
or scrub or may be a mosaic of these formations.Achieving this objective will also greatly enhance
Riparian vegetation supports a great diversity ofthe scenic quality and recreational experience of
wildlife species and serves as important habitat forthe Delta and its waterways.
a variety of resident and migratory songbirds.
Riparian vegetation also shades riverine aquaticRESOURCE DESCRIPTIONShabitat which is important habitat for many
species offish, waterfowl, and wildlife.

Tidal riparian habitat includes several plant

Major factors that limit these plant communities’community groups. Environmental factors such

contribution to the health of the Bay-Delta includeas substrate, hydrology, and degree of salt water

historic riparian vegetation loss or degradation andinfluence determine which plant community group
will occur in a given area. The plant communitynearshore aquatic habitat alteration from

channelization, stabilization of channel banks withgroups that comprise tidal riparian habitat include

riprap, construction of levees, and control ofblack willow, sandbar willow, white alder,
buttonbush, Mexican elderberry, and valley oakflows.
series.

Restoring riparian vegetation will involve
natural physical Historically the Central Valley floor hadreactivatingor improving

processes. Natural streamflows, stream meanders,approximately 922,000 acres of riparian

and sediment transport create and sustain thesevegetation (Katibah 1984) supported by a

vegetation types and increase the complexity andwatershed of more than 40,000 square miles.

structural diversity of the habitat. Natural sourcesToday, approximately 100,000 acres of riparian
forest remain. About half of this riparian habitatof gravel and other sediments along rivers and

floodplains provide materials needed to create andis in a highly degraded condition, representing a

sustain healthy riparian vegetation. Wheredecline of 90% (Katibah 1984). The Sacramento
River once supported 500,000 acres of riparianimprovements to physical processes do not

adequately restore riparian vegetation, directforest; it now supports 10,000 - 15,000 acres, or

modification may be necessary to restorejust 2-3% ofhistoric levels (McGill1979, 1987).

vegetation to its target acreage and quality. From about 1850 to the turn of the century, most
of the forest was destroyed for fuel as a result of
the Gold Rush and river navigation, and by largeA major increase in tidal riparian plant community

groups will improve the foodweb and provide agricultural clearing. Additional clearing in the

important habitat for threatened and endangeredearly and mid 1900s coincided with the aftermath

terrestrial wildlife species, such as the yellow-of flood control reservoir and levee projects.
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I
I          These projects allowed for the clearing of       or absent because of the frequent scouring from

floodplain riparian vegetation for orchards, crops,flood events and the dense shade provided by the

I flood bypasses, and urban areas. Similar activitiesshrubs (Sawyer et al. 1996).
have occurred on the San Joaquin River and other
rivers in the Central Valley. Narrowleaf willow series often occurs at sites

I along the margins of rivers that are continuously
Riparian areas along rivers within the Delta, anddisturbed by sediment deposition. Older stands
areas within the Delta itself, are influenced by thenarrowleaf willow series are typically found on

i daily ebb and flow of the tide in the Pacific Ocean.sites that are former sandbars that have been
Six distinct plant series are found within theseisolated from the main channel of a waterway
tidal riparian areas: black willow series,either through channel migration or as a result of

I narrowleaf willow series, white alder series,flood control. Narrowleaf willow series
buttonbush series, Mexican elderberry series, andintergrades with tidal brackish and freshwater
valley oak series. These six series are brieflymarsh habitats in some areas and with black

I described below: willow series, white alder series, and buttonbush
series.

BLACK WILLOW SERIES: In the black willow

I series black willow is the sole or dominant woodyWHITE ALDER SERIES: In the white alder series
plant that forms a forest or shrubland. In thiswhite alder is the sole or dominant tree in the
series black willow can be a tree or a shrubcanopy. Other trees that may be present include

I depending on frequency or severity ofCalifornia sycamore, Oregon ash, or California
disturbance, or the seral stage of the site. Otherbox-elder. Depending on the level of flooding in
trees occasionally found in the canopy includethis series the shrub layer can be dense to sparse.

I California sycamore, Fremont’s cottonwood,The ground, or herb, layer in white alder series
white alder, and Oregon ash. Other shrubs thatcan be variable, however, it is typically sparse in
may be present in the black willow series includethe Central Valley (Sawyer et al. 1996).

I other species of willow, mulefat, Mexican
elderberry, and Himalaya berry. The herb layer inWhite alder series occurs along the banks of rivers
black willow series can vary greatly depending ontypically in areas that experience high energy

I substmte conditions and site hydrology (Sawyer etintermittent flooding. White alder series typically
al. 1996). is best developed along the low-flow margins of

rivers and streams. White alder series intergrades

I Black willow series is typically found at sites thatwith black willow series, narrowleafwillow series,
are seasonally flooded or saturated withand valleyoakseries.
freshwater along low-gradient depositions along
rivers, streams, or sloughs. Black willow seriesBUI-rONBUSH SERIES: In the buttonbush series

I with tidal brackish and freshwater buttonbush is thedominant shrub in theintergrades canopy

marsh habitats and with narrowleafwillow series,with occasional shrubs of red osier dogwood,
white alder series, and buttonbush series, narrowleaf willow, or other willows also present.

I Buttonbush series typically forms extensive dense
NARROWLE/ld= WILLOW SERIES: In the canopies at the water’s edge and typically has a
narrowleafwillow series narrowleafwillow is thesparse ground layer (Sawyer et al. 1996).

I sole or overwhelmingly dominant shrub in the
canopy. Other trees or shrubs infrequently foundButtonbush series occurs along intermittently
in the canopy include other species of willow,flooded and seasonally saturated freshwater sites

I Fremont’s cottonwood, and white alder. The herbalong rivers or sloughs. Buttonbush series
layer in narrowleafwillow series is usually sparseintergrades with black willow series, narrowleaf
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willow series, and tidal brackish and freshwaterintergrades with Mexican elderberry series and
marsh habitat plant communities, infrequently with older stands of narrowleaf

willow series.
MEXICAN ELDERBERRY SERIES: Mexican
elderberry is often the dominant shrub in theIn general, tidal riparian vegetation is healthiest
canopy of Mexican elderberry series. Otherwhere ecosystem processes are in the most

¯ shrubs that may occur in this series includeunaffected natural state. These unaffected sites
California wild grape, narrowleafwillow, Oregon are also the most resilient to human and natural
ash, and coyote brush. Occasional Fremont’sdisturbance. Ecosystem processes that are integral
cottonwood or valley oak trees may also becomponents of tidal riparian vegetation include
present. Mexican elderberry is a species that alsosediment transport, deposition, and scour. These
frequently occurs in valley oak series. The groundcomponents support the succession and
layer in Mexican elderberry series is variable butregeneration of riparian vegetation promoting its
often consists of non-native grasses and herbscontinued existence and ensuring continued
(Sawyer etal. 1996). habitat benefits for the aquatic environment.

Riparian vegetation serves many important
Mexican elderberry series typically occurs on highecological functions. Riparian vegetation absorbs
floodplains or low terraces of rivers and streams,nutrients and produces primary (plant) and
These sites experience infrequent flooding but dosecondary (invertebrate) biomass at very high
have seasonally high water tables. Mexicanrates. This biomass feeds numerous fish and
elderberry is the host plant for the Valleywildlife species. Birds and small mammals nest
elderberry longhorn beetle, a federally listedand take cover in the protective foliage of trees
threatened species. Mexican elderberry seriesand shrubs. Trees also shade and cool floodplains
intergrades with valley oak series and older standsand channels. Water velocities are slowed by
of narrowleaf willow series that occur on riparian vegetation, allowing sediment to settle
abandoned floodplains, and create new landforms. Riparian foliage also

stabilizes channels and banks, thereby rendering
V/M.LL~� O/M( SERIES: In Valley oak series the characteristic geomorphology of estuaries,
valley oak is the sole or dominant tree in therivers, and streams.
canopy. In valley oak series that occurs on the
high floodplains and low terraces of rivers otherPrimary stressorsaffecting tidal riparian
tree species that may be present include Californiavegetation include:
sycamore, Fremont’s cottonwood, and Oregon
ash. The shrub layer in valley oak series is̄ channel straightening and clearing
typically sparse. Common shrubs include poison
oak, Mexican elderberry, and occasional willows¯ levee construction and bank hardening to
in wetter sites. Lianas of California wild grape protect bridge abutments and diversion
growing into the canopy are common in this structures (e.g. with rip-rap);
series. The ground layer in this series is typically

and is often dominated by native perennial¯ instream gravel mining and riparian zonegrassy
grasses where extensive ground disturbance has grazing;
not occurred.

¯ flow modifications affecting sediment
Valley oak series typically occurs on the high transport and riparian plant germination;
floodplains and low terraces of rivers and streams.
These sites are infrequently or frequently flooded̄ removal, burning, and fragmentation of
for relatively short durations. Valley oak series mature riparian vegetation; and
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I ¯ loss of sediment and bedload from watershedwildlife, and plants dependent on the Bay-Delta.
sources upstream of dams. The vision includes restoring native tidal riparian

I plant communities on both the less frequently
Other stressors that affect tidal riparian vegetationflooded higher floodplain elevations and lower
include (listed in increasing importance andfrequently flooded floodplain and streambanks.

I magnitude):
The simple preservation of remaining natural

¯ human set fires along riparian corridors; riparian vegetation will not ensure the diversity,

I and resilience of these habitats. Many remnant
¯ new expansion of orchards and vineyards intonatural sites no longer have all the physical

the riparian floodplain; processes necessary to ensure their continued

I existence and habitat value. Additionally,
¯ displacement by invasive non-native trees andremaining natural riparian areas are in many cases

shrubs (e.g. giant reed and black fig); highly fragmented and disturbed reducing their

I overall habitat value. Most riparian vegetation
¯ unusually high summer stage in rivers thatrestoration projects in the Central Valley have

supply increasing demand for downstreambeen implemented on a relatively small scale,

I water diversions; primarily as mitigation for project impacts or as
infill of existing protected preserves.

¯ groundwater lowered below the root zone;

I and Where natural physical processes are intact, or
created through active land and water

¯ expanded clearing of channel vegetation inmanagement, suitable conditions for the

I response to recent flood events that called intorestoration (e.g. natural colonization or active
question the capacity of levee-confined riversrestoration) of riparian vegetation will exist. Even
and streams, partial restoration or simulation of natural physical

I processes will amplify ecosystem processes and
Most stressors have an indirect but lasting effectresultant habitat quality. Rivers and Delta
on riparian vegetation. These stressors can affectestuaries where natural fluvial processes and

I the ability of riparian vegetation to recoverlandforms are relatively intact need to be
following disturbance and can reduce the overallidentified and highlighted as potential reserves of
quality of the habitat. Collectively, these stressorsriparian vegetation.

i have substantially reduced the quality and
resilience of tidal riparian vegetation, therebySuccessful restoration of riparian vegetation
diminishing their effectiveness in providing fordepends on the recovery or simulation of natural
the life cycle requirements of fishes of the Deltafluvial processes and landforms. RevegetatingI and San Rivers and their and channels will beandSacramento Joaquin artificiallyalteringstrealn
tributaries, considered only where overwhelming limitations

prevent natural recovery of these physical
I VISION processes ecosystemand functions.

I The vision for tidal riparian vegetation is to
protect and increase its area and quality.
Achieving this vision will assist in the recovery of

I special-status fish, wildlife, and plant populations
and provide high-quality habitat for other fish,
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INTEGRATION WITH LINKAGE WITH OTHER
OTHER RESTORATION ECOSYSTEM ELEMENTS

PROGRAMS
Tidal riparian vegetation is linked to the

Efforts to achieve the vision for tidal riparianecological health of many ERPP Ecological

habitat communities may involve coordinationManagement Zones and Units. This type of

with other programs. These include: vegetation is important to many fish, wildlife, and
plant species and communities. It is adversely
affected by many stressors that include levee¯ U.S. Army Corps of Engineers’ proposed

reevaluation of the Sacramento River floodconstruction and maintenance, flood flow patterns,
and ongoing bank protection summer flow patterns, gravel mining,

controlproject
project, including more comprehensivefragmentation of existing stands of vegetation,

floodplain management and river ecosystemcompetition and displacement by invasive non-

restoration opportunities; native species, land use conversion, flood control
activities, and lowered groundwater levels.

¯ proposed riparian habitat restoration and
floodplain management and riparian STRATEGIC OBJECTIVE,
restoration studies for the San Joaquin River, TARGETS, AN D
including potential new flood bypass systems
and expanded river floodplains on lands PROGRAMMATIC
recently acquired by State and federal ACTIONS
agencies and land trusts;

¯ ongoing Sacramento Valley conservation ~k The Strategic Objective for
planning by The Nature Conservancy and

~                  tidal riparian vegetation is toother private nonprofit conservation restore and enhance black
organizations; ’willow, narrowleaf willow,

white aider, buttonbush, Mexican
¯ ongoing coordination efforts and programs ofelderberry, and valley oak series along

the Wildlife Conservation Board, including largely non-vegetated, riprapped banks of
the Riparian Habitat Joint Venture; Delta island levees, the Sacramento and

San Joaquin Rivers, and their major
¯ all county-sponsored instream mining andtributaries and abandoned farmland that

reclamation ordinances and river and streamonce supported riparian vegetation.
management plans; Restored riparian vegetation can provide

shaded riverine aquatic cover for fish
¯ and the California Department ofspecies, associated special-status plant

Conservation reclamation planning assistanceand animal species, and other resident
programs under the Surface Mining andand migratory wildlife.
Reclamation Act.

LONG-TERM OBJECTIVES: Protect and restore,
on a self-sustaining basis throughout the Delta,
large blocks of tidal riparian habitat as a mosaic
with other aquatic and wetland habitat types to a
point where all at-risk species such as the valley
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I
elderberry longhorn beetle, riparian brush rabbit,Recovery and simulation of natural physical
and yellow-billed cuckoo that depend on thisprocesses and landforms will be accomplished

I habitat are no longer at risk. using the following integrated steps:

SHORT-TERM OBJECTIVES-" Conserve the best ¯ locating setback levees to expand potential

I examples of riparian habitats in the Delta. Begin riparian floodplain;
to restore large areas of tidal riparian habitat.

¯ expanding the storage, detention, and bypass

I RATIONALE." Restoring tidal riparian habitat in capacity of the Sacramento and San Joaquin
combination with other aquatic, wetland, and River flood control project to allow natural
upland habitat types will help restore and maintain expansion of riparian vegetation within levees

I the ecological health of aquatic, terrestrial, and and the Sutter and Yolo Bypasses; and
plant resources in the Delta and other areas of the
Central Valley. Foodweb processes will be ¯ designating, acquiring title or easements for,

I supported and the effects of contaminants and deliberately managing river riparian
reduced. Tidal riparian habitat will provide high corridors throughout the Central Valley.
quality foraging and nesting habitat for migratory

I and wintering songbirds, neotropical migrantsThe following actions would restore or enhance
such as the Swainson’s hawk, riparian brushsediment supply to rivers and streams:
rabbit, and yellow-billed cuckoo. Restoration of

I tidal riparian habitat will occur as a by product of¯ reduce bank hardening by creating meander
restoring floodplain processes in a manner that zones and widening floodplains;
improves spawning habitat for fish species such as

I split-tail while avoiding concurrent increases in̄ analyze alternative approaches for water
non-native predatory fish. Each habitat, including diversions and associated intake and screening
tidal riparian habitat, supports a different facilities on the mainstem river to avoid

I assemblage of organisms and quite likely many of hardening the bank in some sections of the
the invertebrates and plants are still unrecognized river;
as endemic forms. Thus systematic protection of

i examples of the entire array of habitats in thē remove small, nonessential dams on gravel-
region provides some assurance that rare and rich streams;
unusual aquatic organisms will also be protected,
preventing contentious endangered species̄ eliminate mining in streams and on low

I listings, floodplains nearchannels;

STA6E 1 EXPECTATIONS: Several large tidal ¯ widen bridges to broaden out-of-bank flow
riparian habitat projects will have been initiated in and eliminate the need to riprap vulnerable
the Delta. At least two of the projects will be bridge abutments; and
associated with floodplain process restoration

I projects. At least two projects will be associated¯ breach or remove nonessential levees
with restoring tidal riparian habitat in areas at the restricting former tidelands that would capture
edges of the Delta where lands are not heavily sediment needed to create tidal mudflats and

I subsided land elevations are appropriate to support estuary landforms.
actions to restore tidal riparian habitat.

Opportunities for reducing riparian vegetation

I stressors include:
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¯ phasing out instream gravel mining; However, vegetation fragmentation and severe
limitations of the physical environment will not.¯ designating and acquiring ’"stream erosionallow ecosystem processes and functions to fully

zones" to reduce the use of bank riprap and recover on many segments of valley streams and
allow greater normal recolonization; Delta estuaries. In these solutions, some large-

scale stream channel sculpting, gravel additions,
¯ designing biotechnical slope protectionand riparian replanting may be necessary. For

measures that allow riparian vegetation to beexample, the lower Sacramento River has
established within levees; abandoned river floodplains and sediment is in

short supply. Naturally reactivating these habitats
¯ phasing out or reducing livestock grazing inwould be nearly impossible. Restoring these

riparian zones; habitats would require human intervention.
Revegetation projects should be contemplated

¯ establishing conservation easements foronly where native trees and grasses many no
purchase of land or using other incentives tolonger germinate naturally but have a high
reduce or eliminate cropland conversion or probability of unaided survival and vigorous
riparian forest; growth following 1-5 years of artificial irrigation.

¯ identifyinglevee-confined channels and banks
where routine vegetation removal by local
reclamation districts can be safely
discontinued; and

¯ establishing weed control programs to
suppress the expansion of tamarisk, giant
reed, locust, black fig, and other invasive non-
native plants degrading habitat quality and
native flora.

Reservoir operations will be evaluated to
determine whether winter and spring releases can
be augmented with flood simulation spikes every
1-I0 years. Simulated flood spikes would
mobilize bed and bank deposits to redistribute,
sort, and clean spawning gravels and scour deep
pools between riffles.

Restoring and enhancing riparian vegetation
should be accomplished by eliminating the
stressors and recovering or simulating the physical
processes and fluvial landforms described above.
Vegetation restored in this manner will be more
resilient to future disturbances; require little or no
long-term maintenance; be self-sustaining; and be
more compatible with flood control requirements.
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1
¯ HARVESTED SPECIES

I                  | NTRODUCTION                the restoration of native species. Second priority
species are species that support important fisheries

I The Strategic Plan for Ecosystem Restorationor harvests but whose populations are not likely lo

presents 6 goals to guide the implementation ofbe affected strongly by CALFED actions in the
short run or whose enhancement is not likely torestoration actions during the 20-30 year program.

I Strategic Goal 3 focuses on species which providegenerate major conflicts with the restoration of

sustainable recreational and commercial harvestnative species. Low priority species, not treated

not already covered by Goal 1: here, are species that support relatively small or
incidental fisheries or harvests and whose

I enhancement (if any) is not likely to generate
Goal 3: Maintain and enhance populations major conflicts with the restoration of native

I of selected species for sustainable species. Note: within each category, objectives are
commercial and recreationalharvest not listed in order of priority.
consistent with goals 1 and 2.

SPECIES IN THE HIGH PRIORITY GROUPI INCLUDE:

Somewhere between 40 and 50 species offish and       ¯ Striped bass

I invertebrates are harvested in significant numbers̄ American shad
in the CALFED region, as are a number of species̄ White sturgeon
of birds (waterfowl, mourning doves, ring-necked ¯ Non-native warmwater gamefish

I pheasants). The ERP has the potential to affect the
harvest of many of these species, improving mostSECOND PRIORITY SPECIES INCLUDE:
of them in the long run. For the purposes of the

i ERP, the harvested species are divided into threē Pacific herring
groups according to their priority for attention by¯ Signal crayfish
the CALFED program. High priority species are ¯ Grass shrimp

i those whose abundance is likely to be strongly
affected by CALFED actions and/or whose
enhancement is likely to generate conflicts with

!
I
I
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I
¯ STRIPED BASS

In the Sacramento River, striped bass are

I commonly found from Princeton downstream to
the Delta and in the. lower Feather and American
Rivers. In the San Joaquin basin, they are found
in the lower Stanislaus, Tuolumne, and San

I                                                         Joaquin Striped spawn primarilyrivers. bass in
the Sacramento River between Colusa andIII Sacramento and in the San Joaquin River portionI of the Delta.

INTRODUCTION Juvenile rearing habitat include sloughs, river

I channels, and bays of the western Delta and

The striped bass is an important non-nativeSuisun Bay. In wet years young fish rearing

anadromous sport fish with high recreation value,habitat extends into San Pablo Bay and adjacent

I It also plays an important role as a top predator intidalsloughsandmarshes.Yearlingstripedbass
the Bay-Delta and its watershed, are found throughout the Bay and Delta. Adult

striped bass are widely dislxibuted from the ocean

I Major factors that limit striped bass contributiontotherivers.

to the health of the Delta are streamflow, water
diversions, spawning and rearing habitat, legal andThe number of adult striped bass and young

I illegal harvest, predation and competition fromproducedeach havedeclineddramaticallyyear

non-native fishes, and reduce survival fromover the past several decades. The total adult

contaminants in the water, population has declined from about 3 million fish

I in the 1960s to 1.5 million in the early 1970s.
More recent estimates are 500,000 to 700,000

RESOURCE DESCRIPTION adult fish. A greater decline has occurred in older

I fish, possibly the consequences of greater
Striped bass were introduced into the Bay-Deltanumbers of older fish migrating to coastal waters,
from the east coast of the United States in 1879.or higher mortality of individual adults from

I For the past century, they have been an importantcontaminants in the water.
sport fish, commercial fish, and top predator
within the Bay-Delta and upstream rivers. TheyThe decline in the adult population of striped bass

i adapted welltothe complex habitatconditionsofhas been accompanied by a decline in the
the estuary and remain the premier sport fish ofproduction of young. The young bass abundance
the Bay and Delta. Anglers seek out striped bassindex for summer, when they are 1.5 inches long,

I along the coast, in the Bay and Delta, and in thehas declined dramatically, especially during the
lower portions of the Sacramento and San Joaquinrecent drought of the late 1980s and early 1990s,
Rivers and their tributaries. Striped bass are alsoand has not recovered. Factors related to and
an important recreational resource in thebelieved to Contribute to this decline include the
waterways water projects following:Stateandfederal
south of the Delta.

!
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¯ Low spring flows in the Sacramento River aretoxins, poaching, marine mammal predation, or
believed to reduce survival of eggs and larvaecombinations of these and other factors.
by creating poor water quality conditions,
reducing plankton food supply, and increasingOther factors possibly contributing to the decline
vulnerability to water diversions, and low abundance of striped bass include toxins

that reduce survival of young bass or their food
¯ Low freshwater flows through the Delta and supply, competition or predation by recently

Suisun Bay may limit the production of food established, non-native fishes, such as gobies, or
organisms during critical early life stages ofpoor food production caused by the influx of Asia
striped bass. clams. Both the gobies and Asia clams were

introduced from ballast water released from ships
¯ Low Delta outflow may limit transport of from Asia.

eggs, larvae, and juvenile striped bass into
quality nursery grounds of Suisun Bay andFood habit studies conducted by numerous
away from water diversions in the Delta. investigators indicate that chinook salmon are not

an important component in the diet of striped bass,
¯ Higher transport of Sacramento River wateralthough, at times, young salmon, primarily fall-

across the Delta toward the south Deltarun, have constituted a substantial part (U.S.
pumping plants moves more striped bassBureau of Reclamation 1995). Generally, thishas
young into areas where they are moreoccurred in the Sacramento
susceptible to entrainment into agriculturalRiver upstream of the estuary and has been
diversions or water project export pumps, localized at water management structures, bridge

abutments, and other predator habitats. It also
The number of juveniles lost at south Delta exportoccurs at structures that cause disorientation of
facilities was in thetensofmillions in some yearsjuveniles such as RBDD. In the Delta, it is a
during the 1960s to mid-1970s, and again in theknown problem in CCF and at sites where large
middle to late 1980s. The estimated loss in 1974numbers of artificially produced chinook salmon
exceeded 100 million juveniles. Althoughare released.
subsequent export losses have decreased, the rate
of loss per unit of population has greatly increasedThe studies reveal that, except at localized sites
as population abundance has declined, and structures, striped bass are less likely to eat

salmon in Suisun Bay and the Delta than in the
The number of adult spawners has dropped torivers above the Delta. The greater vulnerability
such low levels in recent years that there may noof salmon in the river may be a result of the
longer be sufficient eggs spawned to bring aboutgreater clarity and the smaller width of the river.
quick recovery in the population. Good juvenileIn many areas, bank protection activities, such as
production even when flows and habitat aremaintaining levees and riprapping, have removed
excellent for survival is limited by reduced adultSRA habitat and eliminated escape cover needed
spawning populations, by young fish.

In addition to the low survival of young fish andThe U.S. Bureau of Reclamation (1995) reported
their low entry into the adult spawning population,that the entire striped bass population consumes
mortality rates of adults have increased despiteabout 1.4% of the winter-run chinook salmon
reduced harvest rates in the sport fishery. Thesmolts migration from the Sacramento River. The
higher mortality rates are particularly evident inBureau also reported that the year-round overlap
older adults, and may be a result of effects ofin the distribution of striped bass and delta smelt
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resulted in an estimated annual consumption ofand increased rearing area may help overcome
195,000 delta smelt, and the striped bass hadother factors that have little potential for change
essentially no impact on splittail. (e.g., predation and competition from non-native

species). Increases in tidal wetlands will provide

Vl S | 0 a tidal channels that are important rearing habitat for
juvenile striped bass. Improvement and restoration
of shallow waters and riparian vegetation alongThe vision for striped bass is to restore

populations to levels of abundance consistent withlevees and channel islands in the Delta may

the Fish and Game Commission striped bassprovide furtherimportanthabitatforyoungstriped
bass. Habitat improvements are expected to alsopolicy. This will support a sport fishery in the

Bay, Delta, and tributary rivers, and to reduce theincrease the abundance of shrimp and small fish

conflict between protection of striped bass andthat are important prey of young and adult striped

other beneficial uses of water in the Bay-Delta. bass and may lead to higher striped bass survival
rates.

Over the past two decades, a major focus of
striped bass recovery efforts has been DeltaReducing the extent and effect of stressors on

outflow enhancement and restrictions on springstriped bass will also be important to their

and early summer water exports. The recent 1995recovery. Reducing losses of young striped bass

Water Quality Control Plan provided interim at water diversions in the Delta and Bay,

provisions for improving spring Delta outflowsparticularly the very high losses at the south Delta

and limiting exports, but did not address summerpumping plants of the State and federal water

outflows or effects of water exports in summer orprojects, will be most important. Improvements

fall. This vision anticipates further improvementsare needed to upgrade the two fish protection

in the following: facilities to reduce the loss of young bass to
entrainment into the pumping plants, and to

¯ spring Delta inflows and outflows in drier reduce indirect losses to predators associated with

years when more flow is neededfor the fish protection facilities. Pumping plant
operations could also be reduced during periods ofsuccessful spawning,
high losses.

¯ Bay-Delta foodweb production,
Longer term actions may involve relocating the

¯ transporting egg and larval striped bass topumping plant intakes, screening or reducing the

nursery grounds in Suisun Bay, number of small water diversions to agricultural
lands in the Delta, and continuing to find ways to
reduce entrainment losses into cooling water¯ reducing the effects of water exports from the

Delta, especially exports that reverse thediversions at two power plant complexes in the

natural flow patterns in the Delta. Delta. Limiting further introductions of non-native
species and reducing the input of contaminants

Although deterioration of habitat may not be ainto Central Valley waterways may also be

major factor in the decline of striped bass, it couldimportant to striped bass recovery. In the short-

be an important detriment to their recovery,
term, recovery may depend on supplementing

Protecting, improving, and restoring a substantialnatural reproduction with hatchery and pen-reared

amount of shallow-water habitat in the Bay andstriped bass, and possibly reducing illegal and

Delta may improve the food supply for stripedlegal harvest. Management actions for striped bass
need to be carefully evaluated and structured tobass, as well as provide more area for rearing

juvenile striped bass. An improved food supplyavoid adverse affects on native species.
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| NTEGRATION WITH incidental take of these species, an appropriate
interim objective is to restore the striped bass

OTH ER RESTORATION population to the 1980 population level of 1.1
PROGRAMS million adults within the next 5-10 years. (III)

the long-term striped bass restoration goal, as

Efforts to restore striped bass in the Central Valley identified in the Department’s 1989 Striped

would involve cooperation and support from other Bass Restoration Plan, is 3 million adults.
programs underway to restore striped bass and (IV) The Department shall work toward these
other important fish. goals through any appropriate means. Such

means may include actions to help maintain,
¯ The Central Valley Project Improvement Act restore, and improve habitat; pen-rearing of

(CVPIA) calls for implementing changes in fish salvaged from water project screens; and

flows and project facilities and operations by artificial propagation. (Adopted 4/5/96) (Fish

2002 that lead to doubling of the striped bass and Game Code 1997).
population.

LINKAGE WITH OTHER
¯ The Salmon, Steelhead Trout, and ECOSYSTEM ELEMENTSAnadromous Fisheries Program Act of 1988

requires the DFG to restore striped bass in the
Central Valley. Because striped bass are predators, they could

affect efforts to recover populations of a number

¯ The State Water Resources Control Board will of native fishes of the Central Valley including

implement the Water Quality Control Plan for chinook salmon, steelhead, delta smelt, longfin

the San Francisco/Sacramento-San Joaquinsmelt, and Sacramento splittail. Consequently, it

Delta estuary that will include provisions towill be necessary to consult and cooperate with

limit entrainment in diversions and protectthe National Marine Fisheries Service and U.S.
Fish and Wildlife Service under the federalhabitatconditionsfor Sacramentosplittail,

chinook salmon, striped bass, and otherEndangered Species Act (ESA) and DFG under

species, the California ESA.

¯ Fish and Game Commission Striped Bass STRATEGIC OBJECTIVE,
Policy: (I) the Department of Fish and Game TARGETS. AN Dshall work toward stabilizing and then
restoring the presently declining striped bass PROGRAMMATIC
fishery of the Sacramento-San Joaquin ACTIONS
Estuary. This goal is consistent with
Commission policy that the Department shall
emphasize programsthatensure, enhance, and,~k The Strategic Objective is to
prevent loss of sport fishing opportunities. (II)

~                 maintain fisheries for stripedThe Department shall ensure that actions to bass.
increase slriped bass abundance are consistent
with the Department’s long-term mission and
public trust responsibilities including thoseLONG-TERM OBdE~TIVE." Restore the adult
related to threatened and endangered speciespopulation (greater than 18 inches total length) to
and other speciesof special concern. 3 million fish through such actions as improving,
Recognizing issues associated with potential
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I
maintaining, and restoring habitat, pen-rearing ofundertaken to ensure that programs are

-1~ fish salvaged at water project screens, anddeveloped that ensure, enhance, and prevent the
_ artificial propagation. In addition, all measuresloss of sport fishing opportunities.

will be taken to assure that striped bass

I restoration efforts do not interfere with theGeneral targetsfor striped bass are:
recovery of threatened and endangered species
and other species of special concern covered̄ restore populationto levels of the 1960s,

I under public trust responsibilities.
¯ maintain flow in the Sacramento River at

SHOnT-TERM O~aJEeTIVE: Restore the adult Sacramento at 13,000 cfs in the spring,

I population (greater than 18 inches total length) to
1.1 million fish within the next 10 years. In̄ improve health of average individual striped
addition, all measures will be taken to assure that bass in population,

I striped bass restoration efforts do not interfere
with the recovery of threatened and endangered̄ reduce the rate of illegal harvest of striped
species and other species of special concern bass, and

I ¯ reduce the percentage of young striped bass
coveredunderpublictrustresponsibilities.

R~TION,~d.~:: The striped bass is a non-native lost to entrainment at water diversions.

i species that is a favorite sport fish in the estuary.
It is also the most abundant and voraciousGeneral programmatic actions which will help to
piscivorous fish in the system and it has themeet the targets for striped bass include:

I potential to limit the recovery of native species,
such as chinook salmon and steelhead. Therefore,̄ protect and restore shallow water, tidal
the management for striped bass must juggle the slough, and wetlands habitats,
objectives of providing opportunities for harvestI not jeopardizing recovery of native species, improve aquatic foodweb,while
Ān appropriate policy may be to allow striped
bass to increase in numbers as estuarine¯ maintain 13,000 cfs flow in lower Sacramentoi conditions permit but not to take River in the spring months of all but driestanyextraordinary
measures to enhance its populations, especially years,
artificial propagation. Artificially reared bass have

I the potential to depress not only native fish̄ increase Delta out-flow in spring of dry and
populations but also populations of wild striped below normal years,
bass, because larger juveniles (of hatchery origin)

I may prey on smaller juveniles (of wild origin). If̄ reduce the introductions of non-native aquatic
increases in bass numbers appear to adversely organisms into the Bay-Delta,
affect recovery of native species, additional

I management measures may be required to keep̄ improve water quality of the Bay-Delta,
bass numbers below the level that pose a threat to
native species. ¯ provide greater enforcement to reduce illegal

I harvest,
STAGE 1 EXPECTATIONS: Continue
investigations into the causes of striped bass̄ reduce losses of eggs, larvae, and juvenile
decline throughout the Sacramento-San Joaquin striped bass at water diversions,
Estuary. In addition, all efforts shall be
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¯ upgrade fish protection facilities at south
Delta pumping plants and power generation
plants in the Delta, and

¯ supplement striped bass population with pen-
reared and hatchery-reared striped bass, as
needed, until natural production is adequate to
sustain the population at target level.
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I
¯ WHITE STURGEON

White sturgeon inhabit both saltwater and fresh

~ water and tolerate a wide range of salinity
concentrations. Spawning occurs in larger rivers
upstream of the Delta. Low river flow during late
winter and spring may reduce attraction of
sturgeon to specific rivers and reduce spawning

INTRODUCTION success. Stream channelization and flood control
measures on large rivers (e.g., levee construction)

i White sturgeon rear in the Sacramento-Sanmay affect sturgeon use and spawning success.
Joaquin estuary and spawn in the Sacramento and
San Joaquin rivers and their major tributaries.Losses of sturgeon young into water diversions
Sturgeon may leave the Bay-Delta and movereduces sturgeon productivity. However, relative
along the coast to as far as Alaska. Populations ofto other species, the percentage of the sturgeon
white sturgeon are found in many of the largerpopulation caught in diversions is low.
rivers from California north to British Columbia.

Food availability, toxic substances,and
The white sturgeon is an important nativecompetition and predation are among the factors
anadromous sport fish with high recreational andinfluencing the abundance of sturgeon. Sturgeon

are long lived (e.g., some live over 50 years) andecologicalvalue.
may concentrate pollutants in body tissue from

Major factors that limit sturgeon populations ineating contaminated prey over long periods.

i the streamflows for Harvesting by sport fishers also affects abundanceBay-Delta are adequate
attracting adults to spawning areas in rivers andof the adult populations. Illegal harvest (poaching)
transporting young to nursery areas, illegal andalso reduces the adult population.
legal harvest,and entrainmentinto water
diversions. Recently, white sturgeon have been feeding on

Asian clams in Suisun Bay, which may indicate a

I very important ecological role that .could feed
RESOURCE DESCRIPTION back through foodweb productivity of the Bay-

Delta. Sturgeon predation may limit clam
White sturgeon are native to Central Valley riversabundance and therefore potentially decrease the
and the Bay-Delta and represent an importantloss of plankton to clam feeding. The clams also
component of the historic native fish fauna,accumulate contaminants, which may posea long-

I Throughout recorded history, white sturgeon haveterm problem for sturgeon feeding heavily on
been the dominant sturgeon populations in theclams.
Bay-Delta system, whereas in smaller systems
such as the Eel River, green sturgeon dominate.I White sturgeon support a sport fishery in VISIONvaluable
the Bay and Delta.

The vision for white sturgeon is to maintain and

I in restore population distribution and abundance toSturgeonare long-livedspecies. Change
abundance of older fish may reflect the harvest ofhistorical levels. Restoration would support a sport
adults and habitat conditions that occurredfishery for white sturgeon and contribute to

I decades during the larval and early juvenile overall species richness and diversity and reduceago
life stages, conflict between the need for protection for this

~ ~r.o~r~
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species and other beneficial uses of water in thefrom other programs underway to restore sturgeon
Bay-Delta. and other important fish.

White sturgeon would benefit from improved ¯ The Central Valley Project Improvement Act
ecosystem processes, including adequate (CVPIA) (PL 102-575) calls for implementing
streamflow to attract adults to spawning habitat, changes in flows and project facilities and
transport larvae and early juveniles to productive operations by 2002 that lead to doubling of
rearing habitat, and maintain productivity and the sturgeon populations.
suitability of spawning and rearing habitat
(including production of food). Ecosystem¯ The Salmon, Steelhead Trout, and
processes that need improvement include Anadromous Fisheries Program Act of 1988
streamflows, stream and channel configurations, requires DFG to restore historical numbers of
and migration barriers (e.g., dams). Additional sturgeon in the Central Valley.
streamflow during late winter and spring would
attract sturgeon to rivers and maintain spawninḡ The Four Pumps (SWP) and Tracy (CVP)
flow requirements. Fish Agreements provide funds and actions to

DFG for sturgeon restoration.
White sturgeon would benefit from restoring
spawning and rearing habitat. Habitat restoration̄ The Recovery Plan for the Sacramento-San
may be achieved by adding and modifying Joaquin Delta Native Fishes (USFWS)
physical habitat and increasing freshwater flow identifies recovery actions for white and green
during critical periods. Juvenile sturgeon frequent sturgeon.
Delta sloughs and may benefit from increases in
slough habitat. Spawning habitat includes LINKAGE WITH OTHER
upstream river reaches that contain appropriate
substrate (e.g., gravel, rock). Rearing habitat ECOSYSTEM ELEMENTS
includes areas in the Sacramento and San Joaquin
rivers and the Delta that provide protective, food- Restoration of white sturgeon populations are
rich habitats such as the shallow shoals and baysintegrally linked with restoration of river
of the Bay-Delta. floodplain and stream meander habitat,

improvements in Central Valley streamflows,
Reducing stressors is a component of restoringimprovements in habitat, and reductions in losses
white sturgeon populations. Reducing losses toto water diversions and illegal harvest.
diversions from the Sacramento-San Joaquin
Delta estuary would increase survival of young STRATEGIC OBJECTIVE,
sturgeon. White sturgeon would also benefit from
actions to reduce pollutant input to streams and TARGETS, AND
rivers in the Sacramento-San Joaquin River basin. PROGRAM MATIC

ACTIONS
I NTEGRATION WITH

OTHER RESTORATION The Strategic Objective is to
PROGRAMS

&sturgeon.enhance fisheries for white
Efforts to restore white sturgeon in the Central
Valley would involve cooperation and support
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I LONG-TERM OBJECTIVE: Increase white ¯ Improve spring flows in Sacramento River
sturgeon numbers (and harvest) by improving and major tributaries,

I habitat conditions for spawning and rearing
throughout the Sacramento-San Joaquin estuarȳ Restore natural meander belts and add gravel
and tributaries, substrates in upstream spawning areas,

I SHORT-TERM OBJECTIVE: Continue to ¯ Increase Delta outflow in spring of dry and
manage white sturgeon for the sustainable sport normal years,
fishery,withoutartificialpropagation.I ¯ Improve water quality of Bay-Delta,
RATIONALE: White sturgeon represent an

i unusual situation: a success story in the¯ Provide greater enforcement to reduce
management of the fishery for a native species, poaching,
Numbers of sturgeon today are probably nearly as
high as they were in the nineteenth century beforē Reduce losses of eggs, larvae, and juvenile

i they were devastated by commercial fisheries. The sturgeon at water diversions,
longevity and high fecundity of the sturgeon,
combined with good management practices of thē Upgrade fish protection facilities at diversion

i California of Fish and Game, have facilities in theDepartment Delta,
allowed it to sustain a substantial fishery since the
1950s, without a major decline in numbers.̄ Restore tidallyinfluencedDeltaandestuarine

I Numbers of white sturgeon could presumably be habitat such as tidal perennial aquatic habitat
increased if the San Joaquin River once again and sloughs.
contained suitable habitat for spawning and

I rearing. REFERENCES

STAGE 1 ~XPECTATIONS: White sturgeon      California Department of Fish and Game. 1993.I will continue to support a significant sport fishery RestoringCentralValleystrealTis:aplanfor
in the estuary and will not have experienced a action. Sacramento, CA.significant decline in abundance.

~’ Strategic Plan for Ecosystem Restoration. 1999.
General targets for sturgeon populations are: Appendix to the CALFED Bay-Delta Program

Environmental     Impact     StatementI ¯ Restore population to levels of the 1960s, /Environmental Impact Report. June 1999.

¯ Improve flow in Sacramento River in spring, U.S. Fish and Wildlife Service. 1996. Recovery

I ’ Plan for the Sacramento-San Joaquin Delta
¯ Reduce the rate of illegal harvest, Native Fishes. U.S. Fish and Wildlife Service,

Portland, OR.

I ¯ Reduce the percentage lost of sturgeon to
water diversions to that of the 1960s, . 1997. Revised draft anadromous

fish restoration plan. U.S. Fish and Wildlife

i The general approach for programmatic actions Service, Sacramento, CA.
are:

~" ~ ¯ Improve the aquatic foodweb,
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I
| 4’ AMERICAN SHAD
I When the adult population was measured in 1976

and 1977, the total Central Valley run was

I estimated at 3 million and 2.8 million,
. .;~;:,~,! respectively. The California Department of Fish
~":_~’."~: and Game (DFG) has conducted annual fall

I "" midwater trawl surveys in the Delta since 1967 to
monitor trends in the population’s health.
Juvenile shad catch has generally been higher inINTRODUCTION wetter years (1967, 1969, 1975, 1978, 1980, 1982,

and 1983) and lower in dry years (1968, 1972,
American shad is an important non-native1976, 1977, 1984, and 1987). The production

i anadromous sport fish with high recreationalindex was relatively high, however, in two recent
value. It migrates in spring from the ocean intodry years (1990 and 1991).
the Bay-Delta and upstream to spawn in Central
Valley rivers. Newly hatched young spend their .

!
first summer in the rivers and Delta bef°re

~ 1~ I ’

migrating downstream to the ocean in fall.

I Major factors that limit the contribution of the ¯
IIAmerican shad to the health of the Delta are I .tiL!

streamflow, aquatic habitat, and food supply.

~_~. !i~! ~~I
RESOURCE DESCRIPTION                  "        " .... .- ....

. Index of Juvenile American Shad Abundance in Fall MidwaterI The American shad was introduced into Central
Trawl Survey

Valley rivers from the east coast in the 1870s and
1880s. It adapted well to the complex habitat Ocean, estuary, and fiver conditions affect overall

I conditions of the rivers and It continues shad abundance. Growth and survival in theestuary.
to be an important sport fish in the Sacramento,ocean may be affected by El Nifio (ocean
Feather, Yuba, and American rivers and haswarming). Water temperatures and flows are

I extended its as far north as the Columbia important habitat factors in the spawning rivers ofrange
River. Adults (age 3-5) migrate into the riversthe Central Valley. River flows trigger the shad to
from the ocean to spawn from late April throughmove into rivers and affect their selection of

i June. Some may remain in the rivers throughspawning locations among and within the rivers.
August before returning to the Bay-Delta andWater temperatures determine the onset of
ocean. Many die during the spawning run, butspawning (59-68°F). High water temperatures

I about 30% of the runs are made up of repeat(above 68°F)may reduce adult survival. Factors
spawners. In the Sacramento River system,believed to affect American shad production in the
American shad are commonly found from RedCentral Valley include the following:

I Bluff downstream to the Delta and in the lower
Feather, Yuba, and American rivers. American¯ Low flows in spring may delay or hinder shad
shad populations are small in the San Joaquin from moving into the rivers to spawn. During

I basin compared with those in the Sacramento their upstream migration through the Delta,
basin, adult shad may delay spawning or may die
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because of the higher water temperaturesspecies and other beneficial uses of water in the
resulting from low flows. Low flows also Bay-Delta.
may reduce downstream transport of eggs and
larvae to productive nursery areas. A major focus of Central Valley fish recovery

efforts over the past two decades has been on flow
¯ Transport of Sacramento River water south enhancement in streams and rivers. Natural river

across the Delta and toward the south Deltaflows in dry and normal water-year types has been
pumping plants may carry more Americanreduced, particularly in spring, by water
shad young into the southern Delta and awaydevelopment in the Central Valley. The 1995
from their primary migration path to the December Delta Accord provided interim
ocean. Under low Delta outflow, shad young provisions for improving spring flows. Further
may be more susceptible to loss at agriculturalimprovements are anticipated under the Central
diversions and water project export pumps. Valley Project Improvement Act (CVPIA).
Annual losses of juveniles at south Delta
export facilities reach into the millions. The restoration of American shad vision requires

further improvements in drier years when more
¯ Poor waterqualityand low spring flows may flow is needed to attract American shad to

limit production of American shad in the San upstream spawning areas in the rivers and major
Joaquin River and its tributaries, tributaries, including the American, Feather, and

Yuba rivers, and to transport egg and larval shad
¯ Diversion dams on valley rivers limitto nursery grounds in the lower rivers and Delta.

American shad from moving into potential
spawning reaches. Examples include the RedHabitat improvements could contribute to
Bluff Diversion Dam on the Sacramentoincreases in American shad runs. Protecting,
River, Daguerre Dam on the Yuba River, and improving, and restoring shallow-water habitat in
Woodbridge Dam on the Mokelumne River. rivers and the Delta may improve the food supply
Shad are generally unable to use the fishfor American shad and provide better rearing
ladders provided at these diversion dams. habitat. Improved food supply and rearing habitat

may help to overcome other factors that are
¯ Pollutants may affect the production and rununlikely to change (e.g., the presence of

size of American shad by reducing survival ofcompeting non-native species).
young and their food supply.

Reducing the extent and effect of stressors will
Harvest of adult shad in the sport fishery are further benefit American shad runs. Mostrates
low and have little impact on production ofimportant will be reducing loss of young
American shad. American shad at water diversions in rivers and

the Delta, especially large losses at the south Delta
VISION pumping plants of the State and federal water

projects. The two fish protection facilities should

The vision for American shad is to maintain abe upgraded to reduce entrainment of young

naturally spawning population, consistent withAmerican shad in the pumping plants and the

restoring native species, that supports a sportconcentrations of predators associated with the

fishery similar to the fishery that existed in thefish protection facilities. Screening or reducing the

1960s and 1970s. Achieving this vision willnumber of the many small water diversions to

reduce the conflict between protection of thisagricultural lands in the Delta may also provide
benefits. Limiting further introduction of non-
native species and reducing the input of toxic

~ ~
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Ii pollutants into Central Valley waterways will also STRATEGIC OBJECTIVE,
provide benefits.

TARGETS, ANDi
I NTEGRATION WITH PROGRAMMATIC

OTHER RESTORATION ACTIONS
PROGRAMS

~The
Strategic Objective is to

i Efforts to maintain American shad runs in Central maintain fisheries for
Valley rivers would involve cooperation and American shad.
support from other established programsI to American shad and otherunderway restore
important fish.                                 LONG-TERM OBJECTIVE-" Allow American

I shad numbers (and harvest) to increase gradually
¯ CvPIA (PL 102-575) calls for doubling the as conditions in the restored estuary and streams

American shad population by 2002 through favor its reproduction and survival. Use harvest
changes in flows and project facilities andand other management measures to ensure that

I increases in American shad populations do notoperations.

jeopardize programs to sustain native species.
¯ The Salmon, Steelhead Trout, and

I Anadromous Fisheries Program Act of 1988 SHORT-TERM OBJECTIVE: Maintain the
DFG is required under State legislation tofishery for American shad at its present levels but
restore American shad in the Central Valley. without special intervention (e.g. special flow

I ¯ The Lower American River Task Force and
releases).

Water Forum will improve flows and habitat I:l~’no~a.~: The American shad is a non-native

i in the lower American River that will benefit species that is an important sport fish in the
American shad. estuary and its spawning streams, although less

seems to be known about its life history in the

i ¯ The State Water Resources Control Board will estuary than any other major game fish. It is a
implement the Water Quality Control Plan for common planktivore and occasional piscivore in
the San Francisco/Sacramento-San Joaquinthe system and it may have the potential to limit

i Delta estuary that will include provisions to the recovery of native species, such as chinook
limit entrainment in diversions and protectsalmon. Therefore, the management for American
habitat conditions for Sacramento splittail,shad must juggle the objectives of providing

i chinook salmon, striped bass, and otheropportunities for harvest without jeopardizing
species, recovery of native species. An appropriate policy

may be to allow American shad to increase in

I LINKAGE WITH OTHER numbers as estuarine conditions permit but not to

ECOSYSTEM ELEMENTS take any extraordinary measures to enhance its
populations, especially flow releases specifically

I to favor shad reproduction. If increases in shad
Actions to restore populations of salmon,numbers appear to adversely affect recovery of
steelhead, striped bass, and Delta native fishes arenative species, additional management measures

i likely to benefit the runs of American shad. may be required to keep shad numbers below the
level that pose a threat to native species.
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STAGE 1 EXPECTATIONS: No special efforts REFERENCE
to increase American shad numbers will have
been made and benefits to shad will have beenStrategic Plan for Ecosystem Restoration. 1999.
derived from restoration actions directed to other Appendix to the CALFED Bay-Delta Program
species such as chinook salmon. Their impact on Environmental Impact Statement
juvenile salmon (predation) in the Sacramento /Environmental Impact Report. June 1999.
River will have been investigated.

The general target for American shad is to
improve production of young, particularly in dry
years as measured in the DFG fall mid-water trawl
survey.

Programmatic actions that would help improve
American shad populations in Central Valley
rivers include the following:

¯ Provide additional Sacramento, Feather,
Yuba, and American river flows in spring of
dry and normal water years to attract adult
spawners and transport young downstream to
productive nursery habitat.

¯ Remove barriers to American shad migrations
in the Sacramento, Yuba, and Mokelumne
rivers.

¯ Reduce adverse effects of water diversions on
American shad in fall.

¯ Allow the first natural pulse of flow in the fall
to pass through the Delta to the Bay to help
juvenile American shad migrate to the ocean.

¯ Upgrade existing fish protection facilities at
south Delta pumping plants of the Central
Valley Project and the State Water Project.

¯ Reduce the number, screen or upgrade
screening, or relocate diversions that entrain
American shad in the rivers and Bay-Delta.
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NON-NATIVE WARMWATER GAMEFISH

suitable habitats throughout the State. The
largemouth bass prefers warm, slow moving
waters with low turbidity. Within the Delta the
largemouth bass tends to inhabit sloughs and
backwaters with large quantities of aquatic cover
and submerged objects. The overall stability and
health of the bass in thelargemouth population
Delta is at an all time high. The healthier
population (related to size of the fish) of fish is
due to the introduction of the "Florida strain" to
the gene pool.

Spawning for largemouth bass occurs in theINTRODUCTION
second or third year of life when water

Throughout the Sacramento-San Joaquin Deltatemperatures reach 14 to 16 degrees C in April
and continues through June. Nests are shallowwarmwatergamefish importantare component

of resource health. Not only do these species fillsubstrate depressions located in about one to two

an important biological component, they are alsometers of water near submerged objects. Eggs are

of economic importance.    The group of
adhesive and hatch within two to five days after

warrnwater gamefish is represented by largemouthbeing fertilized. The nest and eggs are actively

bass, white crappie, bluegill, redear, green sunfish,protected by the male until sac-fry emerge from

white and channel brown and black nest in about five to eight days.catfish,
bullhead and striped bass to name a few. The

The white catfish was first introduced into the Sanwarmwater gamefish group is best represented by
both the largemouth bass (Micropterus salmoides) Joaquin River in the mid- 1870s and has since been

and white catfish (Ameiurus catus). Within the introduced into all of the major water systems of
the State (except the Colorado and Klamath

Delta over forty largemouth bass fishing
tournaments are .held yearly.Currently, systems). The white catfish prefers slow moving

largemouth bass populations support a 30 percentwaters in channels devoid of heavy aquatic

catch and release fishery in the Delta, while thevegetation and is typically found in waters greater

white catfish has a harvest rate of around 10% tothan two meters deep. The overall interest in

15%.
white catfish as a gamefish is due to the fact that
it is quite numerous within the Sacramento-San

Factors that may limit the warmwater gamefishesJoaquin Delta.

ability to contribute to a healthy Delta ecosystem
is the degradation and loss of existing aquaticSpawning age and size for white catfish is highly

variable and occurs from April through June.
habitat as a result of channel dredging, levee
stabilization, and increased channel velocities. Nest sites are typically located in cave-like

structures, like muskrat burrows, log jams, and
undercut banks. Spawning activity is also

RESOURCE DESCRIPTION triggered by water temperatures when they
approach 21 to 29 degrees C, with optimum

The largemouth bass was first introduced intospawning occurring at 27 to 28 degrees C. The
spread nest is actively guarded by the male. The eggsCaliforniawatersin 1870sandhassince to

Volume I: Ecosystem Restoration Program Plan
Vision for Non-native Warmwater Gamefish

June 1999

C--01 9296
C-019296



hatch in about six to ten days with the younḡ The Recovery Plan for the Sacramento/San
actively swimming about two days after hatching. Joaquin Delta Native Fishes.

Losses to Delta diversions (e.g., hundreds of small̄ California Fish and Game Commission will
agricultural diversions, Central Valley Project and continue to regulate and develop fishing
State Water Project export pumps, and Pacific Gas regulations based on recommendations by the
& Electric power generation facilities) may reduce Califomia Department of Fish and Game.
resident species abundance through direct
entrainment or indirect effects on the prey of̄ Central Valley Project Improvement Act:
resident fish. Large numbers of some resident This act is required to double the natural
species (e.g., white catfish, threadfin shad) are population of Central Valley anadromous fish
entrained in Delta diversions. Other resident stocks.
species (e.g., largemouth bass) spend their lives in
habitat that is in close proximity to where theȳ Salmon, Steelhead Trout, and Anadromous
were spawned and are not particularly susceptible Fisheries Act: The California Department of
to entrainment in Delta. Fish and Game is required under State

legislation to double the number of
Food availability, toxic substances, and anadromous fish in the Central Valley.
competition and predation are among the factors
influencing abundance of resident species. In̄ Water Quality Control Plan for the San
addition, harvest of many resident species for food Francisco Bay/Sacramento-San Joaquin Delta
and bait by sport anglers may affect abundance. Estuary (December 1995) and Water Rights

Decision 1485 (1978).

VISION
LINKAGE WITH OTHER

The vision for warmwater gamefish is to maintain ECOSYSTEM ELEMENTS
self-sustaining populations in order to provide
opportunities for consumptive use such as fishing.Restoration and maintenance of warmwater
Increasing the variability in aquatic habitat typesgamefish populations and habitats will benefit
would provide additional spawning, nesting,from other CALFED actions to increase flows,
rearing, and escape cover for all species of fish,enhance levees, establishing riparian corridors,
both game and non-game species. Populationand increase the productivity of the food web.
levels and harvest/catch rates for all gamefish
species will need to be monitored to determine
restoration success. STRATEGIC O BJ ECTIVE.

TARGETS, AN D
I NTEGRATION WITH PROGRAMMATIC

OTHER RESTORATION ACTIONS
PROGRAMS

~lk
The Strategic Objective is to

Efforts to maintain and enhance the population of maintain fisheries for non-
warmwater gamefish in the Sacramento-San nativewarmwatergamefishes.
~Joaquin Delta would also involve cooperation and
support from other established programs.
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LONG-TERM OBJECTIVE: Non-native Warmwater gamefish would benefit from the
warmwater game fishes will continue to befollowing actionsand restorations: activities:
abundant enough in many parts of the estuary and
river systems to support a substantial sport fishery.̄ acquire and enhance aquatic habitat,

SHORT-TERM OBJECTIVE: Increase our ¯ creation of tidally influenced fresh-water
knowledge about warmwater sport fishes in the woodlands,
Delta, Suisun Marsh, riverine backwaters, and
elsewhere to find out their interactions with nativē creation of set-back levees to increase
fishes, limiting factors, and their contaminant shallow-water habitat along existing channels,
loads (for both fish and human health).

¯ eliminate water hyacinth and other noxious
RATIONALE: White catfish, channel catfish, aquatic plants from the Delta,
brown and black bullhead, largemouth bass, and
various sunfishes are among the most common̄ update existing fish protection facilities at the
fishes caught in the sport fishery in the Delta, South Delta pumping plants,
Suisun Marsh, riverine backwaters, reservoirs, and
other lowland waters. Although this fishery is̄ installing screens on unscreened diversions,

documented, it is the andpoorly probably largestsport
fishery in central California in terms of people
engaged in it and in terms of numbers of fish̄ preventing further introductions of non-native
caught. There is no sign ofoverexploitation of the aquatic organisms.
fishes, although some (e.g., white catfish) have
remarkably slow growth rates, indicating REFERENCES
vulnerability to overexploitation. The fishes and
the fishers are always going to be part of theMoyle, P. B. 1976. Inland Fishes of California.
lowland environment and deserve support of the University of California Press, Berkeley. pps

242-244, 313-316.management agencies. However, habitat
improvements that favor native fishes, especially
improvements that increase flows or decreaseStrategic Plan for Ecosystem Restoration. 1999.
summer temperatures, may not favor these game theAppendixto CALFEDBay-DeltaProgram
fishes. The effects of the various CALFED Environmental     Impact     Statement
actions on these fish and fisheries need to be /Environmental Impact Report. June 1999.
understood, as do the interactions among the
non-native fishes and the native fish CALFED is
trying to protect.

STAGE 1 EXPECTATIONS: Studies will have
been conducted to find out how major CALFED
actions are likely to affect the warmwater fish and
fisheries and how the fishes affect the recovery of
native at-risk species. In particular, the potential of
the non-native fishes to use and dominate newly
created warmwater habitat will have been
thoroughly investigated.
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I
- PACIFIC HERRING

! structures or substrates and hatch in about ten
days, depending on temperature.

I
VISION

I The vision for the Pacific herring is to maintain a
self-sustaining populations in order to support
commercial fishing. The Pacific herring is also an

I | NTRODUCTION integral part of the Bay food web. A major focus
of efforts to maintain the fishery would be to
assure that shallow intertidal zones with aquatic

I California’s largest population of Pacific herringvegetation protected and enhanced. CALFEDare
uses San Francisco Bay as a spawning and nurserywill also need to assure that salinity regimes of the
grounds. This population supports a multi-millionBay and surrounding areas are maintained during

I dollar a year commercial fishery for roe which isspawning and juvenile periods. Some of the
exported to Japan. The herring fishery is the bestactivities scheduled for implementation during
monitored fishery in California and over-Stage 1 Actions will benefit the Pacific herring.

i exploitation of the commercial fishery is not
expected to occur. Herring are also an importantCurrent efforts by the Department of Fish and
component of the Bay’s food web for other fish,Game to monitor the herring population and
birds, mammals, and invertebrates, commercial fishing activities will be sufficient to

assure the continued existence of Pacific herring.
The primary factor affecting the year-class

i strength of Pacific herring is the Bay and ocean
nutrient productivity. I NTEGRATION WITH

OTHER RESTORATION

I RESOURCE DESCRIPTION PROGRAMS

Pacific herring inhabit areas along the Pacific̄ Central Valley Project Improvement Act:

I coast oftheNorth American continent. Typically This act is required to double the natural
adult herring reside in the ocean and return to the population of Central Valley anadromous fish
Bay during the November through March stocks.

I spawning season. However, juveniles (young of
the year) have been noted in the estuary year̄ Salmon, Steelhead Trout, and Anadromous
round. Spawning activities primarily occur in the Fisheries Act: The California Department of
intertidal and shallow subtidal zones on a variety Fish and Game is required under State
of substrates, including pilings, rocks, jetties, legislation to double the numberof
eelgrass, and seaweed, anadromous fish in the Central Valley.

I Spawning occurs from October through April in ¯ Water Quality Control Plan for the San
San Francisco Bay with peak activity occurring in Francisco Bay/Sacramento-San Joaquin Delta

i January. The eggs are adhesive and stick to Estuary (December 1995)and Water Rights
Decision 1485 (1978).
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¯ California Fish and Game Commission will connection to the ERP is that highest survival of
continue to regulate and develop fishingherring embryos (which are attached to eel grass
regulations based on recommendations by theand other substrates) occurs during years of high
California Department ofFish and Game. outflow during the spawning period; the

developing fish seem to require a relatively

OTHER low-salinity environment. There is also someLINKAGE WITH
indication that populations have been lower since

ECOSYSTEM ELEMENTS the invasion of the Asiatic clam into the estuary,
with the subsequent reduction in planktonic food

Maintenance of Pacific herring populations isorganisms. Given the frequent collapse of
linked with the addition and restoration of tidalcommercial fisheries (including those for herring)
habitats, Delta outflow, and the aquatic food webin the modem world, it is best to manage this
within and upstream of San Francisco Bay. fishery very cautiously to make sure it can

continue indefinitely.

STRATEGIC OBJECTIVE.
STAGE 1 EXPECTATIONS: In the next 7-10

TARGETS, AN D years the fishery will have continued at roughly
PROGRAMMATIC present levels and investigations continued to

determine factors limiting herring abundance andACTIONS spawning success, especially as tied to Bay-Delta

~~lb
The Strategic Objective is to

physicalprocesses.

enhance fisheries for Pacific Pacific herring would benefit from the following
herring, restoration activities and actions:

¯ Limit further introductions of non-native

LONG-TERM OBJECTIVE’- Maintain a high
species especially from ship ballast water.

level of harvest management that will allow for̄ Restoration of tidal and shallow-water habitat
sustainable fisheries for Pacific herring and their in the Suisun Marsh and San Francisco Bay
roe.

¯ More uniform salinity regimes in the San
SHORT-TERM OBJECTIVE: Continue, with Francisco Bay during both drought and wet
caution, the present limited-entry fishery and water years.determine the major factors that limit both the
fishery and herring spawning in San Francisco
Bay. REFERENCES

RATIONALE: Pacific herring support the most Department of Fish and Game. 1998. Final
valuable commercial fishery in San Francisco Environmental Documentation for Pacific
Bay. This seasonal, limited-entry fishery focuses Herring Commercial Fishing Regulations.
on spawning fish, for the fish themselves, their
roe, and kazunoko kombu (herring eggs on eelStrategic Plan for Ecosystem Restoration. 1999.
grass). It seems to be an example of successful Appendix to the CALFED Bay-Delta Program
fishery management because it has been able to Environmental Impact Statement
sustain itself through a series of years with highly /Environmental Impact Report. June 1999.
variable ocean and bay conditions. An important

~ oJ_p~
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I          Wang, Johnson, C.S. 1986. Fishes of the

Sacramento-San Joaquin Estuary and

I Adjacent Waters, California: A Guide to the
Early Life Histories. IESP Technical Report
9. pps 3-4 through 3-7.
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¯ SIGNAL CRAYFISH

~=~’:" " " ~ ~;~ : ~))!.i, i!i~"JI RESOURCE DESCRIPTION

,,:.:.~ ~.., The signal crayfish was first described in 1852 by
~ ¯ .... .~i, !! i the U.S. Exploring Expedition during their west

’: .... coast expeditions. The signal crayfish was
. :~~: ....... :’ introduced into California waters from Oregon

" : and has spread throughout Central Valley
~., waterways. Crayfish have been known to estivate

periods are dried and thenfor of timewhenfields
re-flooded at a later date. This process makes
them extremely adaptable to drought conditions.
Habitat has been described to not exceed~̄ ,~ :’: i "..~. ,, rise over
3 meters in depth and water conditions from clear

~:i~,-~ cool fast moving water to slow stagnate
’ ’~ " backwaters. Signal crayfish have also been noted

~.ii~i~.,, : :/...-i , ,, ,.:. in slightly brackish waters of the western Delta.

.".":i.?i
Spawning occurs in the fall with the females

young of the year in early spring.

I NTRODUCTION
VISION

The signal crayfish is an important non-native       The vision for the is maintain
signalcrayfish toresident invertebrate of the Central Valley and

Delta. It occupies a wide range of habitats fromself-sustaining population of crayfish in order to
support recreational and commercial fishing. Aswift large rivers to sluggish backwaters. Itmajor focus of efforts to maintain the fishery

currently supports a recreational and an activewould be to assure that the Sacramento and San
commercial fishery that in 1977 resulted in overJoaquin fiver flows during the late summer and
500,000 pounds of crayfish being harvested. Theearly fall remain above an established level forpopulation appears to be stable since thethat period. Many of the efforts implemented
introduction of fishing regulations that limits the

under the Stage 1 Actions to increase tidallycommercial take of any crayfish under 9.2
influenced and other aquatic habitats will benefitcentimeters total length, crayfish populations. Increases in shallow-water

Factors that may limit the signal crayfish’s ability
habitat will provide additional burrowing and
foraging areas for the crayfish. Increases into contribute to a healthy Central Valleycrayfish numbers will provide an increased forage

ecosystem are river and stream flow, aquaticbase for sturgeon (green and white), smallmouthhabitat, and competition from recently introduced
bass, and terrestrial species.

species (mitten crab).

Efforts will need to be implemented that look at
the interaction among members of the benthic
community. Specifically the interaction between

~ ~C,~rt,
I: Ecosystem Restoration Program PlanVolume
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crayfish and the recently introduced mitten crabLONG-TERM OBJECTIVE: Allow signal
(Eriocheir sinensis) will need to be examined, crayfish numbers (and harvest) to increase

gradually as conditions in the restored estuary
INTEGRATION WITH favor its reproduction and survival. Use harvest

and other management measures to ensure that
OTHER RESTORATION increases in crayfish populations do not jeopardize

PROGRAMS programs to sustain native species.

Efforts to maintain a sustained population ofSHORT-TERM OBJECTIVE: Maintain signal

signal crayfish in the Sacramento and San Joaquincrayfish populations at present levels, in order to

rivers and Delta would also involve cooperationsupport the existing fisheries.

andsupport from other established programs.
P, ua,~O~a,t.E: The signal crayfish is an introduced

¯ Water Quality Control Program for the San species that supports a small commercial fishery,
as well as a recreational fishery, in the Delta. ItFranciscoBay/Sacramento-SanJoaquinDelta
has been established in the Delta for nearly aEstuary (May 1995).
century and appears to be integrated into the

¯ California Fish and Game Commission willBay-Delta system, appearing as a major food item

continue to regulate and develop fishingfor otters and some fish. The signal crayfish has

regulation based on recommendations by thefairly high water quality requirements so its

California Department ofFish and Game. populations will presumably increase as water
quality in the freshwater portions of the Delta
improves. Its role in the ecosystem and the effects

LINKAGE WITH OTHER of the fishery on that role need to be investigated.
ECOSYSTEM ELEMENTS

STAGE 1 EXPECTATIONS: An investigation of

Maintenance of the crayfish population will bethe ecological requirements of the crayfish and the

benefitted by other efforts to restore populationseffects of the fishery will have been conducted, to

of chinook salmon, steelhead, delta smelt,find out if any special management for either is

sturgeon, and riparian habitats throughout theneeded.

ERPP service area.
The target for signal crayfish is to maintain
existing levels and eventually increase both the

STRATEGIC OBJECTIVE, commercial and recreational fisheries within the
TARGETS, AND Sacramento-San Joaquin Delta.

PROGRAMMATIC Signal crayfish would benefit from the following
ACTI O N S restoration activities and actions:

The Strategic Objective is to
All Ecological Management Zones:

maintain fisheries for signal
crayfish in the Delta.

¯ Determine the interaction and potential effects
between mitten crabs and signal crayfish on
both the commercial and recreational
fisheries.
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I ¯ Habitat improvements and increases to both
riparian and tidally influenced zones.

I          ¯ Improved and sustained flows in the major
rivers and streams of the Central Valley

!
REFERENCES

I Riegal, J.A. 1959. The systematics and
Distribution of Crayfishes in California. In:
California Fish and Game; Volume 45,

I Number 1, pages 29-49.

I Huner, Jay V. 1978. Exploitation of Freshwater
Crayfishes in North America. In: Fisheries;
Volume 3, Number 6, pages 2-5.
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I
- GRASS SHRIMP
I

~ warm waters. C. nigricauda juveniles peak in
late-spring to early summer in higher saline

I waters. C. nigromaculata juveniles occur from
........... May through November with all ages occurring in

cool shallow coastal waters. P. macrodactylus
larvae hatch from April to August and juveniles
are abundant from June to September.

I VISION

The vision for grass shrimp is to maintain self-I sustaining populations in order to existingI supportNTRODUCTION commercial fisheries. A major focus of efforts
will be to assure that average March through May

I The term "grass shrimp" refers collectively to twooutflow from the Sacramento and San Joaquin
genus of shrimp (Crangon andPalaemon) that are rivers is above 30,000 cfs. Many of the actions
present in the San Francisco Bay. These grassdescribed in the Stage 1 Actions may not benefit

I shrimp are commercially fished in the Bay andthese species. However, other CALFED actions
sold as bait. Early this century, commercial trawlswill benefit these species such as levee
landed around three million pounds of shrimp forimprovements that will prevent the influx of more
a dried shrimp market. Recently, catches ofsaline waters into the western Delta.shrimp have been between 100,00 to 200,000
pounds of shrimp per year. The general life cycleEfforts will need to be implemented that look at

i of these shrimp is to hatch larval shrimp in highlythe interaction among members of the benthic
saline areas and the juveniles migrate to less salinecommunity. Specifically the interaction between
areas to mature. These shrimp are relatively short       grass shrimp and the recently introduced mitten

i lived and mature in about one year.
crab (Eriocheir sinensis) will need to be
examined.A factor that may limit the grass shrimp’s ability

to contribute to a healthy ecosystem is a reductionI in freshwater outflow. I NTEGRATION WITH
OTHER RESTORATION

i RESOURCE DESCRIPTION PROGRAMS

The genus Crangon is comprised of three native Efforts to maintain a sustained population of

i species (C. franciscorum, C. nigricauda, and C. grass shrimp in the Sacramento and San Joaquin
nigromaculata) while the genus Palaemon is arivers and Delta would also involve cooperationsingle introduced species (P. macrodactylus), and support from other established programs.
Unlike the P. macrodactylus, which remains in the

I Bay throughout its life cycle, Crangon spp. utilizē
Water Quality Control Program for the Santhe Bay as a nursery area and move into less saline
Francisco Bay/Sacramento-San Joaquin Delta

i waters to mature. C. franciscorum juveniles are.
most abundant in April through May in brackish

Estuary (May 1995).
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¯ California Fish and Game Commission will RATIONALE: Grass shrimp are a mixture of
continue to regulate and develop fishingnative and introduced species that support a small
regulation based on recommendations by thecommercial fishery in San Francisco Bay, largely
California Department of Fish and Game. for bait. The relative abundance of the various

¯ Suisun Marsh Preservation Agreementspecies as well as their total abundance appears to
between the Department of Fish and Game,be tied in part to outflow patterns. It is likely that
Department of Water Resources, U.S. these abundant shrimp are important in Bay-Delta
Bureau of Reclamation, and Suisun Resourcefood webs leading to many other species of
Conservation District. interest. The role of these shrimp in the Bay-Delta

¯ San Francisco Bay Conservation andsystem and the effects of the fishery on that role
Development Commission need to be investigated.

LINKAGE WITH OTHER STAGE 1 EXPECTATIONS: An investigation of
the ecological role and requirements of the shrimp

ECOSYSTEM ELEMENTS         species and the effects of the fishery will have
been conducted, to find out if any special

Maintenance of grass shrimp populations will bemanagement for either is needed.
benefitted by other efforts to restore populations
of chinook salmon, steelhead, delta smelt,The target for grass shrimp is to increase the
sturgeon, and outflow requirements in the Delta.population of grass shrimp above existing levels

and eventually increase the commercial fishery
STRATEGIC O BJ ECTIVE. within San Francisco and surrounding bays.

TARGETS, AND Grass shrimp would benefit from the following
PROGRAM MATI C restoration activities and actions:

ACTIONS ¯ Determine the interaction and potential effects
between mitten crabs and grass shrimp on the

~
The Strategic Objective is to commercial fishery.
maintain fisheries for grass
shrimp in the San Francisco ¯ Improved and sustain Delta outflow during
Bay. the March through May period.

LONG-TERM OBJECTIVE: Allow grass shrimp REFERENCE
(Crangon spp., Paleomon) numbers (and harvest)
to increase as conditions in the restored estuaryStrategic Plan for Ecosystem Restoration. 1999.
favor their reproduction and survival. Appendix to the CALFED Bay-Delta Program

Environmental Impact Statement
SHORT-TERM OBJECTIVES: Maintain grass /Environmental Impact Report. June 1999.
shrimp populations at present levels as a minimum
to support the existing commercial fisheries.WRINT-DFG-Exhibit # 6. 1992. 1992 Water
Determine factors regulating their populations in Quality/Water Rights Proceedings in the San
order to discover if the fisheries conflict with Francisco Bay/Sacramento -San Joaquin
other ecosystem restoration objectives. Delta Estuary Dependent Species.

~ oz~m
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I
| ¯ VISION FOR REDUCING OR

|
ELIMINATING STRESSORS

INTRODUCTION Table 15 identifies
I important stressors and

the related ERPPThis section presents visions for stressors that
Strategic Objective.adversely affect important ecosystem elements.
Strategic Objectives areStressors are natural and unnatural events or
fixed and will notactivities that adversely affect ecosystem

processes, habitats, and species. Environmental change through time.
I stressors include water diversions, water Table 16 presents the

contaminants, levee confinement, stream basis for their selection

channelization and bank armoring, mining and as an ecosystem

dredging in streams and estuaries, excessive stressor.

harvest of fish and wildlife, introduced predator
These visions describe the locations .where theand competitor species, and invasive plants in

I aquatic and riparian zones. Some major stressorsstressor has a substantial adverse effect in the

affecting the ecosystem are permanent features onERPP area, and how each stressor affects

the landscape, such as large dams and reservoirsecological processes, habitats, and/or species.

that block transport of the natural supply of woodyRestoration needs to reduce the adverse effects of

debris and sediment in rivers or alter unimpairedstressors are also identified. The Ecosystem

flows. Reducing the adverse effects of stressors isRestoration Program Plan, Volume II: Ecological

i Management Zone Visions contains more detaileda major component in the Ecosystem Restoration
objectives, targets, and programmatic actions forProgram Plan (ERPP). Stressors addressed have a
each stressor as it relates to a specific ecologicalstrong effect on an ecological process, habitat, or

I a species that is dependent on the Bay-Delta andmanagement zone. Table 17 identifies which

can be feasiblely and sufficiently reduced toecological management zones address which
stressors.improve the health of the Bay-Delta ecosystem.

Table 15. Strategic Objectives for Stressors.

I Stressor Strategic Objective

Reduce entrainment of all life stages of fish into water diversions in

I order to increase survival and population abundance to levels that
Water Diversions

contribute to the overall health of the Delta and reduce conflicts for
other beneficial uses of land and water.
Create flow and temperature regimes in regulated rivers that favor
native aquatic species.

I Dams and Other Structures Provide flow releases in regulated streams to mobilize gravel beds,
drive channel migration, and inundate floodplains in order to
maintain channel and sediment conditions favorable to native

i aquatic and riparian organisms.

Introduction to 3~ressor Visions
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Stressor Strategic Objective

Re-establish frequent inundation of floodplains by removing,

Levees, Bridges, and Bank breaching, or setting back levees and, in regulated rivers, by

Protection providing flow releases capable of inundating floodplains. (See also
the Strategic Objectives for coarse sediment supply, stream
meander,and natural floodplains, and flood processes.)

Reduce loss and degradation of aquatic habitat and vegetated berm
Dredging and Sediment islands caused by dredging activities and reduce impacts of

Disposal dredging activities on aquatic resources during critical spawning
and rearing periods and in sensitive areas.

Gravel Mining
Restore coarse sediment supply to sediment-starved rivers
downstream of reservoirs.

Halt the introduction of invasive aquatic and terrestrial plants into
Central California.

Invasive Aquatic Plants Develop focused control efforts on those introduced species where
control is most feasible and of greatest benefit, including eradication
where scientifically justified and technically feasible.

Eliminate further introductions of new species in ballast water of
ships.

Eliminate the use of imported marine baits.

Halt the introduction of freshwater bait organisms into the waters of
Central California.

Halt the deliberate introduction and spread of potentially harmful
species of fish or other aquatic organisms in the Bay-Delta and
CentralValley.Invasive Aquatic Organisms

Halt the unauthorized release of non-native introduced species and
other organisms from private aquaculture operations into Califomia ~
waters.

Halt the release and spread of aquatic organisms from the ¯
aquarium/pet trade into waters of Central California.

Develop focused control efforts on those introduced species where []
control is most feasible and of greatest benefit, including eradication
where scientifically justified and technically feasible.

!
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Stressor Strategic Objective

Halt the introduction of invasive aquatic and terrestrial plants into
Central California.

Invasive Riparian and Salt
Marsh Plants Develop focused control efforts on those introduced species where

control is feasible and of eradicationmost greatestbenefit,including
where scientifically justified and technically feasible.

Zebra Mussel Prevent the invasion of the zebra mussel into California.
Reduce the impact of exotic mammals on native birds and
mammals.

Develop focused control efforts on those introduced species whereNon-NativeWildlife

control is most feasible and of greatest benefit, including eradication
where scientifically justified and technically feasible.

Reduce the loss of juvenile anadromous and resident fish and other
aquatic organisms from unnatural levels of predation in order to

Predation and Competition    increase survival and contribute to the restoration of important
species.

Reduce the concena’ations and loading of contaminants in all
aquatic environments in the Bay-Delta watershed.

Develop regional plans to reduce the effects of non-point source

Contaminants
contaminants.

Reduce contaminant loads in harvested organisms.

Reduce to acceptable levels the release of oxygen-depleting
substances into aquatic systems throughout the Bay-Delta
watershed.

Fish and Wildlife Harvest
Enhance populations of waterfowl for harvest by hunting and for
non-consumptive recreation.

Alter practices to augment chinook salmon and steelhead
populations by the entire State, federal, and private hatchery system
in light of CALFED goals.

Artificial Fish Propagation

Change the role of trout hatchery and planting programs to make
them more compatible with CALFED goals.

Reduce or eliminate the stranding and loss of aquatic organisms due
Stranding to lack of connectivity of flood bypasses, levee toe drains, and flood

plain ponds with flowing waters.

Reduce human activities that adversely affect wildlife behavior or
Disturbance cause habitat destruction, decrease reproductive success, and

contribute to the decline of important species.

I Volume I: Ecosystem Restoration Program Plan
.~ ~Y-z~rx Introduction to Stressor Visions

June 1999
423

!
C--01 9309

C-019309



Table 16. Basis for Selection of Stressor Ecosystem Elements I

Stressors Basis for Selection as an Ecosystem Element

Diversions cause loss of water, nutrients, sediment, and organisms
(entrainment). The transfer of water across the Delta through existing

Water Diversions        channels may also detour migrating resident, estuarine, and resident
fish species from their primary routes. The diversion rate also
contributes to reduced water residence time which reduces primary
(plant) and secondary (animal) production and standing biomass.

Dams block fish movement, alter water quality, remove fish and
wildlife habitat, and alter hydrological and sediment processes. Other

Dams and Other Structures    human-made structures may block fish movement or provide habitat
or opportunities for detrimental predatory fish and wildlife.

Levee, bridge, and bank protection structures inhibit overland flow and
erosion and depositional processes that develop and maintain
floodplains, and allow stream channels to meander. Levees prevent

Levees, Bridges, and Bank floodflows from entering historic floodplains, and eliminate or alter the
Protection character of floodplain ecosystem processes and habitats. Channelizing

floodflows also increases scour or incision and reduces or halts
channel meander and oxbow formation. Bridges have a similar, though
generally more localized effect.

Dredging in Bay-Delta waters may damage aquatic habitat or harm
Dredging and Sediment aquatic animals and plants. Channel dredging also contributes to levee ~

Disposal instability and steepens channel banks which increases shoreline
habitat erosion.

Mining sand and gravels from rivers and floodplains may affect
natural sediment supply, gravel movement, and sediment deposition.
Sand, gravel, and sediment distribution influences the quality of

Gravel Mining          wildlife habitat, abundance of aquatic predators, water quality and fish

and wildlife populations. Excessive instream mining could result in
riparian corridor instability.

Invasive aquatic plants may have an adverse effect on native aquatic

Invasive Aquatic Plants      plants, constrain habitat quality of water ways, require control
measures, and impair water conveyance systems and use of fish
protective devices such as fish screens.

Invasive aquatic organisms may have an adverse effect on the foodweb
Invasive Aquatic Organismsand on native species resulting from competition for food and habitat

and direct predation.

Restoration of native riparian and marsh plants and plant communities
Invasive Riparian and Marshcan be hindered by introduced species which may out-compete or

Plants displace native plant species. Non-native plant species may have little
value to wildlife and other riparian dependent species.
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I
Stressors Basis for Selection as an Ecosystem Element

~ ¯ The zebra mussel has caused enormous damage to water supply

| infrastructure and natural ecosystems in the eastern United States. It is
Zebra Mussel likely that zebra mussel will appear in California’s Central Valley

i through any one of several means. Therefore, it is highly desirable to
have in place a strategy to swiftly contain a localized invasion.

Introductions of non-native species may adversely affect the survival

I of native wildlife. Non-native wildlife has greatly altered ecological
Non-nativeWildlife processes, functions, habitats, species diversity, and abundance of

native plants, fish, and wildlife.

I Unnatural levels of predation and competition may adversely affectPredation and Competition
populations of fish and wildlife.

I Contaminants affect water quality and the survival of fish, waterfowl,
Contaminants and the aquatic foodweb.

I Fish and wildlife harvest may affect abundance of species or viability
Fish and Wildlife Harvest of local populations.

Fish hatcheries and other artificial propagation programs (e.g., pen-i rearing salvaged striped bass) may adversely populationsaffect of

"wild" fish. Direct effects might be predation on wild fish or
Artificial Fish Propagation competition from artificially-produced fish. Indirect effects may occur

I from adverse changes in wild population genetics from interbreeding
with hatchery fish. Disease may also be transferred from hatchery fish
to wild fish.

Stranding of juvenile fish and other aquatic organisms was probably
a natural environmental event in the historical Central Valley. Today,

i many stranding events are caused by flood bypasses, construction of’
Stranding levee toe drains, and other anthropomorphic events. Modification to

lowland areas and providing escape routes back to larger bodies of

i water and flowing streams will reduce the mortality related to
stranding.

Boating, habitat disturbance, and other negative anthropogenic

i Disturbance activities may adversely affect wildlife habitat and species abundance
and distributions.

!
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Table 17. Ecological Management Zones in Which Targets and Programmatic Actions to Reduce m
Stressors Are Proposed [Note: Refer to Volume II: Ecological Management Zone Visions for information
regarding specific targets and actions.]

Stressors Ecological Management Zone1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 Ill

1Water
Diversions

Dams and Other ¯ ¯ ¯ ¯ ¯ ¯ m
Structures

Levees,
nBridges, and ¯ ¯ ¯ ¯

Bank Protection

Dredging and !
Sediment ¯
Disposal

IGravel Mining ¯ ¯ ¯

Non-native        ¯    ¯ ¯    ¯                         ¯ ¯    ¯
Species n
Zebra Mussel ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

Predation and I
Competition

1

Contaminants ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ m
Fish and
Wildlife
Harvest

Artificial Fish ¯ ¯ ¯ ¯ ¯ ¯ ¯ m
Propagation

Stranding ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

Ecological Management Zones i
~ 1 = Sacramento-San Joaquin Delta 8 = Feather River/Sutter Basin
2 = Suisun Marsh/North San Francisco Bay 9 = American River Basin
3 = Sacramento River 10 = Yolo Basin ¯
4 = North Sacramento Valley 11 = Eastside Delta Tributaries
5 = Cottonwood Creek 12 = San Joaquin River
6 = Colusa Basin 13 = East San Joaquin Basin
7 = Butte Basin 14 = West San Joaquin Basin

n
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WATER DIVERSIONS

debris and dissolved nutrients are lost to
diversions.

STRESSOR DESCRIPTION

Water diversion in the Bay-Delta and its water-
shed may vary by water year type and month of
the year, and has a wide variety of effects on
streamflow, aquatic organisms, habitat, and
ecosystem processes. In some cases, diversions on

....... ~:~_~, a tributary stream remove so much flow during
summer and fall that little or no flow remains in
the stream.

INTRODUCTION
Along the mainstem Sacramento River the follow-

Water diversions are found throughout Centraling diversions exist:
Valley rivers and their tributaries, the Bay and
Delta. Water is diverted for irrigated agriculture,¯ The Red Bluff Diversion Dam (RBDD)
municipal and industrial use, and managed diverts Sacramento River water into the
wetlands. Tehama-Colusa Canal and the Coming Canal.

Water diversions in the Bay-Delta watershed¯ The Anderson-Cottonwood Irrigation District
directly and indirectly affect fish, aquatic (ACID) Diversion Dam diverts water into the
organisms, sediments, streamflow, habitat, ACID canal.
foodweb productivity, and species abundance and
distribution. The rate of diversion from the Deltā The Glenn-Colusa Irrigation District’s
affects residence time of water which, in turn, (GCID’s) Hamilton City Pumping Plant.
affects primary (plant) and secondary (animal) With a diversion capacity of 3,000 cubic feet
production, per second (cfs) it is the largest diversion on

the Sacramento River.
Factors that relate to the influence that diversions
have on the health of the Bay-Delta ecosystem̄ Several hundred smaller diversions exist
health include diversion rate, the season in which along the Sacramento River, more than 2,000
water is diverted, the diversion location, fish diversions exist in the Delta, and about 150
species, fish life stage periodicity, and whether the diversions exist in the San Joaquin.
diversion is equipped with adequate fish
protection facilities. The largest diversions have fish screens and

require frequent, routine maintenance to provide
In most cases, entrained organisms do not survive,consistent levels of fish protection. The
Some diversions have screens that exclude mosteffectiveness of screens is dependent on may
juvenile and adult fish; however, eggs and larvalfactors, including maintenance, design, and site-
fish, invertebrates, planktonic plants, organicspecific physical conditions. A well-designed fish

screen on proved technologybased iseffective
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reducing entrainment and impingement losses of(SRCD) and California Department of Fish and
many species of juvenile fish. Screen retrofits canGame (DFG) began a program to screen some
be fairly inexpensive, especially on smaller-sizeddiversions with self-cleaning, fine-mesh screens.
diversions.

ISSUES ANDIn the south Delta, the two largest diversions are
operated by the State Water Project (SWP) and OPPORTUNITIES
federal Central Valley Project (CVP). These two
large diversions have louvers that guide juvenileENTRAINMENT OF FISH AT PUMPS. The
fish into bypasses and holding facilities, whereentrainment offish and other biota in the CVP and
salvaged fish are collected and transported back toSWP pumps and agricultural water diversions in
the Bay and Delta. Many fish are salvaged,the Delta and tributaries stimulateconflictsamong
Nevertheless, many more are lost to handling,stakeholders. However, it is not clear to what
predation and to bypass inefficiency duringextent entrainment affects the population size of
collection and holding at the fish facilities, orany one species offish or invertebrate(Diversion
during fish transport. Programs to upgrade theseEffects on Fish Team 1998). More information on
fish protection facilities are ongoing, the effects of entrainment will be pivotal in

choosing a water conveyance method, because it
Two large fossil fuel power plants are operated inwill help determine to what extent an "isolated
the Bay-Delta, one at Antioch and one atfacility" can be expected to alleviate any
Pittsburg. Each has large, screened intake systems,problems. Reducing this uncertainty is also
The screens, however, use 1950s technology andessential to ensure the most efficient allocation of
do not effectively screen larvae or small juvenilerestoration funds because proposed solutions to
fish. Although the power plants return the water tothis problem include potentially tens of millions of
the Delta, many entrained larvae and juveniles aredollars spent constructing fish screens and new
killed by mechanical damage or heat stress,intake facilities throughoutthe Bay-Deltasystem,
Survival rates have been measured only for stripednot all of which may be as effective as intended at
bass and under many conditions, approximatelyreducing population declines (Strategic Plan
80% passing through the plant survive. 1999).

The Contra Costa Water District has several VISIONdiversions in the Bay-Delta. They sporadically
operate a diversion at Mallard Slough in SuisunThe vision for water diversions is to reduce the
Bay. New screens are in place at the new Losadverse effects of water diversions, including
Vaqueros diversion on Old River. New screens areentrainment of all life stages of aquatic species, by
being constructed at the Contra Costa Waterinstalling fish screens, consolidating or moving
DistrictRockSloughintake. diversions to less sensitive locations, removing

diversions, or reducing the volume of water
In Suisun Bay and Suisun Marsh, far fewerdiverted. Achieving this vision will assist in the
agriculturaldiversionsexistbecauseof brackish recovery of State- and federally listed fish species,
waters. However, many State and privatelyimprove importantsportfisheries, and improvethe
managed wetlands divert water seasonally fromBay-Delta aquatic foodweb.
Suisun Marsh sloughs. The larger diversions at
Roaring River, Grizzly Slough, and Island SloughThis vision concentrates on the direct effects of
are screened. The smaller diversions areaquatic organism entrainment. Cumulatively,
unscreened gates, siphons, or pumps. Recently,water diversions remove large numbers of young
the Suisun Resource Conservation District
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salmon, steelhead, delta smelt, splittail, stripedThe preferred approach includes construction of a
bass, and many other fishes and invertebratesnew screened intake at Clifton Court Forebay with
from the rivers, Delta, and Bay. protective screening criteria and construction of

either a new screened diversion at Tracy with
Approaches to achieving this vision includeprotective screening criteria; and/or an expansion
reducing their adverse effects by removing orof the new diversion at Clifton Court Forebay to
relocating high impact diversions. Altering themeet the Tracy Pumping Plant export capacity.
timing of some diversions would help to reduceThis approach is designed to improve water
losses of aquatic organisms. Installing positive-supply reliability, protect and improve Delta water
barrier fish screens would help to reduce losses, quality, improve ecosystem heath, and reduce risk

of supply disruption due to catastrophic breaching
On many Sacramento and San Joaquin rivers andof Delta levees.
their tributaries, diversions entrain juvenile
salmon and steelhead in spawning and rearingUsing self-cleaning cylindrical screens .on small
areas, and on their migrations downstream towardBay-Delta siphons and pump diversions appears
the ocean. Adequate positive barrier fish screensfeasible. In Suisun Bay and Suisun Marsh, use of
will protect juvenile salmon and steelhead fromeither positive-barrier flat screens or conical
being entrained. Positive barrier fish screens canscreens on slough intakes (e.g., Roaring River
be employed at most of the tributary diversiondiversion) has proven effective.
sites.

Screen upgrades continue to improve screening
INTEGRATION WITH

efficiency for the large diversions along the OTHER RESTORATION
Sacramento River, such as those of ACID, RBDD, PROGRAMS
and GCID. The Red Bluff Research Program is
studying alternatives, including pumping from theWorking with individual diverters would achieve
river and returning entrained salmon and steelheadthe vision to provide them with alternative sources
to the river through a bypass system. Positive-of water, moving their intakes, revising their
barrier screens that move fish through a bypassdiversion schedules, or funding installation of
are also being considered for large diversions suchscreened intakes.
as GCID.

Efforts to reduce impacts of unscreened diversions
The Delta Fish Facilities Technical Team isin the Bay-Delta and its watershed will involve
focusing on reducing entrainment losses at thecooperation among several agencies’ screening
south Delta pumping plants through the use ofprograms including DFG’s Unscreened Diversion
positive barrier fish screens. Salvage facilities atProgram, Anadromous Fish Screen Program of the
SWP and CVP diversions do not provide adequate CVPIA, and NRCS’s Fish Screen Program.
fish protection, especially for small, fragileRecently, Reclamation Districts 108 and 1004,
species like delta smelt, and Princeton-Cordua-Glenn/Provident Irrigation

District and other large diverters are either
The technical team is currently considering twoinstalling new screens or have begun the
parallel approaches. The first is to upgrade theengineering needed to install screens. Hundreds of

smaller diversions along the river consist ofscreeningsystemsof theexistingfacilities.The
second is to provide an alternative intake location,siphons or pumps; most of these are unscreened.
such as in the north Delta, where entrainmentThe CVPIA Anadromous Fish Screen Program
losses would be less and fewer fish would bewill contribute to the of thesescreeningof many
drawn into the Central and South Delta.
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diversions on a cost-share basis. Cooperation willSHORT-TERM OBJECTIVE: Construct and
also be sought withagencieshavingresponsibilityscreen a new SWP intake to Clifton Court
or authority for dealing with screening diversions,Forebay. Construct a new screened intake at the
including DFG, DWR, Reclamation, State Water CVP intake and/or expand the new diversion at
Resources Control Board, NRCS, NMFS, and the Clifton Court to meet Tracy Pumping Plant need.
U.So Army Corps of Engineers. Screen the largest of the remaining unscreened

diversions then begin screening the smaller

LINKAGE WITH OTHER diversions. Develop a science and data based
analysis/evaluation process by which to set

ECOSYSTEM ELEMENTS priorities for screening.

Water diversions are closely linked to otherR/:~TIONALE: Storage and diversion of water
ecosystem elements including processes, habitats,from Central Valley rivers and streams and from
and species. For example, the diversion of largethe Delta has produced significant detrimental
quantities of water in the Delta also results in theeffects on the ecosystem, including functions such
diversion of sediments, nutrients, and many loweras spawning, rearing, and migration, the processes
level organisms in the Bay-Delta aquatic foodthat create and maintain habitat, habitat, and
chain. The management of water in the ERPPspecies that depend on the aquatic habitats. The
study area, particularly the delivery of water to therelocation, consolidation and installation of
Delta for export, has altered natural flow patternspositive barrier fish screens does not reduce the
and ecological processes that maintain habitats inamount of water extracted, but such actions are
upstream rivers and tributaries and in the Delta.encouraged as they will reduce the mortality
Entrainment also causes direct and indirectresulting from the direct entrainment of young
mortality to juvenile fish, eggs and larvae, fish. The intent of the restoration program is to

eliminate loss of fish resulting from the

STRATEGIC OBJECTIVE, unscreened diversion of water to a level that no
longer impairs efforts to rebuild fish populations

TARGETS. AND to healthy levels. Likewise, the potential future
i~ROGR/~,MMATIC relocation of the SWP and CVP intakes and

~,CTIONS
installation of positive barrier fish screens does
not reduce the amount of water extracted, but will
reduce the mortality resulting from the direct

A
The Strategic Objective is to entrainment of young fish and contribute to
reduce entrainmentofjuvenile restoring the ecological functions of the Delta
fish into water diversions in such as food web support, and spawning and

’ order to increase survival and rearing habitat.
population abundance to

levels that contribute to the overall health STAGE 1 EXPECTATIONS: During Stage 1 of
of the Delta and other beneficial uses of the implementation program, all diversions greater
land and water, than 250 cfs will have been screened, the majority

of diversions between 100 and 250 cfs will have

LONG-TERM OBJECTIVE: Eliminate or reduce been screened, and a process will be in place to set

adverse impacts of the diversion of water to apriorities and screen diversion smaller that 100

level of littlesignificance, cfs. During this period, fish populations will
exhibit a positive response and increase in
abundance.
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The general target is to reduce the adverse effects̄ Screen small diversions in Suisun Marsh,
of water diversion so that the diversion of water, focusing on Montezuma and Suisun Sloughs.
in conjunction with other restoration actions, does
not impair other restoration efforts needed tō Continue research on fish behavior relative to
restore ecological health to the Bay-Delta system, screening (University of California, Davis

Treadmill Study).
The following activities would help to achieve this
vision: ¯ Continue research on fish screening and

related facilities design and operations.

¯ Widen the area of concern of the Anadromous
Fish Screen Program’s multiagency policy

¯ Coordinate research and testing of the various
screening programs among resource agencies.level and management team for unscreened

diversions which is composed of̄ Develop a long-term screening program plan
representatives from the National Marine in cooperation with DFG, USFWS, NMFS,
Fisheries Service (NMFS), U.S. Fish and irrigators, and other stakeholders.
Wildlife Service (USFWS), U.S. Bureau of
Reclamation (Reclamation), DFG, California¯ Screen small siphon and pump diversions in
Department ofWaterResources(DWR),and the Delta, mainstem rivers, and lower
U.S. Natural Resources Conservation Service tributaries.
(NRCS) districts.

¯ Develop an incentive plan to encourage local
¯ Finish the development of the priority system diverters to consolidate smaller diversions

to install positive-barrier fish screens on all where possible to increase the cost-
diversions of more than 100 cfs in the upper effectiveness of screening.
Sacramento River and all diversions in
tributary streams with salmon and steelhead̄ Consider an upgrade to existing screens at

populations by providing funding support to PG&E’s Pittsburg power plant and Contra

DFG and CVPIA Costa Water District’s Mallard Sloughscreeningprograms. diversion with positive-barrier fish screens.

¯ Construct and test a pilot screening facility in̄ Provide alternative sources of water to
Tracy diversions, where possible, in lower portionsthe south Deltaadjacentto the Fish

Facility to test a 500 cfs positive-barrier fish of tributaries and agricultural lands and
screen and collection system, managed wetlands along rivers and in the

Delta and Suisun Marsh.
¯ Construct new screened intakes at Clifton

Court and the Tracy Fish Facility; and/or REFERENCESexpand the diversion at Clifton Court to
accommodate the needs of the Tracy Pumping
Plant and fish-holding facility. The Resources Agency. 1989. Upper Sacramento

River fisheries and riparian habitat

¯ Support completion of research at the Red management plan. Sacramento, CA.

Bluff Research Program.
Strategic Plan for Ecosystem Restoration. 1999.

¯ Assess the effectiveness of test cylindrical Appendix to the CALFED Bay-Delta Program
Environmental     Impact     Statementscreens at DWR siphon diversions on

Sherman Island. /Environmental Impact Report. June 1999.
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I
DAMS AND OTHER STRUCTURES

I
STRESSOR DESCRIPTION

I Dams in any form block or hinder upstream and
downstream migrations of anadromous fish and
hinder downstream transport of sediment. LargerI dams block anadromous fishcompletely
migration. These large dams resulted in the loss,
and in some cases extinction, of local salmon andI steelhead populations (Mills et al. 1996).

Many moderately sized diversion dams, such as

I Red BluffDiversion Dam (RBDD) and Anderson-
Cottonwood Irrigation District (ACID) Diversion

INTRODUCTION Dam, contain fish ladders to allow fish passage.

I Some dams, such as Capay Dam on Cache Creek
Dams and other human-made structures come inand Solano Dam on Putah Creek, do not.
various forms, from the largest dam (Shasta), to

I small weirs on tributary streams, Dams stopSmall diversion dams are generally constructed to
downstream water flow and capture sedimentseasonally divert water for irrigation. Although
derived from erosion in the upper watersheds. Themany have been fitted with ladders to allow fish
captured water backs up to create a reservoir, passage, many are technologically outdated, and
Seven major dams restrict streamflows fromonly marginally effective. Often, salmon and
entering the Bay-Delta. steelhead can negotiate the fish ladders, but other

I species, such as American shad, green sturgeon,
Diversion dams exist throughout the watershed ofand white sturgeon, cannot. In some cases, fish
the Sacramento-San Joaquin rivers and Bay-Delta.ladders delay adult salmon and steelhead from

I Larger weirs are located along the Sacramentoreaching upstream spawning grounds or
River at the Yolo, Sutter, and Sacramentodownstream migrating juvenile salmon and
bypasses. Small weirs can be found on most uppersteelhead.

I watershed tributaries.
In high-flow years, water flows from the fiver into

Dams and other human-made structures act asthe bypasses and downstream to return to the fiver

I stressors on ecosystem processes, importantor Delta. In such eases, adult salmon and steelhead
habitats, and species in aquatic ecosystems. Formay migrate upstream through the bypasses and
example, dams and their associated reservoirsbecome blocked below the weirs opposite the

i block fish migration, alter water quality, removefiver. A similar situation occurs in the Sacramento
fish and wildlife habitat, and alter hydrologicalShip Channel. Blockage and delay of steelhead
and sediment processes. The construction,and winter-run salmon are of particular concern

I operation, and maintenance of these structures inbecause the fish usually migrate upstream during
the Central Valley have contributed to the declinethe winter and spring high-flow periods.
of many species.

Larger irrigation returns in wetter years have
I relatively high may attractflowsthat anadromous
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fish. Fish attracted to these retums may become VISION
lost or delayed. The Colusa Basin drain, which
enters the Sacramento River near Knights

The vision for dams and other structures is toLanding, is an example of an irrigation return that
reduce their adverse effects by improving fishis known to attract adult salmon.
passage and enhancing downstream fish habitat.
Reducing these adverse effects will assist in the

’ ISSUES AND recovery of State- and federally listed fish species

OPPORTUNITIES and contribute to sustainable sport and
commercial fisheries.

OPPORTUNITIES FOR RIVIliRS: Mimic natural
To accomplish this vision, the Ecosystemflow regimes through innovative methods to

manage reservoir releases. There is underutilizedRestoration Program (ERP) proposes to address a
variety of problems caused by these structurespotential to modify reservoir operations rules to
which effect natural processes (e.g., sedimentcreate more dynamic, natural high-flow regimes in
transport),habitats(e.g., riverineand riparianregulated rivers without seriously impinging on

the water storage purposes for which the reservoiraquatic habitat), and species (e.g., winter-run

was constructed. Water release operating ruleschinook salmon and steelhead).

could be changed to ensure greater variability of
For rivers with large dams that block anadromousflow, provide adequate spring flows for riparian

vegetation establishment, simulate effects offish migration, ERPP proposes to improve flow

natural floods in scouring riverbeds and creatingand habitat conditions below these dams. Flow

point bars, and increase the frequency andand habitat improvements would enhance salmon

duration of overflow onto adjacent floodplains. In and steelhead populations in the lower river

some cases, downstream infrastructure of riverreaches. The feasibility of restoring anadromous
fish above some of these dams may be consideredfloodways may require upgrading to safely

accommodate a more desirable natural variabilityin the future. Cooperation will be required from
local irrigation districts and landowners to rectifyand peak dischargemagnitudeassociatedwith

moderate floodflows (e.g., strengthen or set levees      these problems.
back) (Strategic Plan 1999).

I NTEGRATION WITH
Remove barriers to anadromous fish migration OTHER RESTORATION
where feasible. Significant progress has been
made in recent years to improve salmon passage PROGRAMS
on several spawning streams (e.g., Butte Creek,
Battle Creek) by removingbarriers, consolidatingEfforts to reduce the effects of human-made
diversion weirs, or constructing state-of-the-artstructures on the aquatic ecosystem would involve
fish passage structures. Existing and potentialcooperation and support from other established
spawning areas in the ERP focus area that are notprograms underway to protect and improve
obstructed by major reservoir dams, but areconditions for anadromous fish and native resident
currently obstructed by other barriers, should befishes in the Bay-Delta and its watershed. The
identified and action taken to restore anadromousrecovery plan for the Sacramento/San Joaquin
fish spawning upstream(Strategic Plan 1999). Delta native fishes will be considered in the

development of proposed actions (USFWS 1996).
CVPIA will implement actions that will reduce
adverse effects caused by structures (USFWS
1997). California’s Salmon, Steelhead Trout, and

¯
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Anadromous Fisheries Program Act includes STRATEGIC OBJECTIVE,actions to reduce adverse effects of structures
(Reynolds et al 1993). The Four Pumps TARGETS, AND
Agreement Program continues to develop projects PRO G RAM MATI C
to reduce effects of structures. Endangered
Species Act requirements (biological opinions and ACT I ON S
habitat conservation plans) will ensure
maintenance of existing habitat conditions and

~ The Strategic Objective forimplementation of recovery actions (NMTS 1997). dams and other structures is
to make sure that high flows

The blockage of migrating anadromous fish in ~ occur frequently enough in
mainstem rivers and tributary streams is a majorregulated streams to maintain channel and
concern of the Central Valley Projectsediment conditions favorable to native
Improvement Act’s (CVPIA’s) Anadromous Fish aquatic and riparian organisms.
Restoration Program (AFRP) and California
Department ofFish and Game’s (DFG’s)Salmon

LONG-TERM OBJ~:C’rIvE: For regulated riversand Steelhead Restoration Program.
in the region, establish scientifically based
high-flow necessary to dynamicevents maintain

LINKAGE WITH OTHER channel processes, channel complexity, bed

ECOSYSTEM I=LEMENTS sediment quality, and natural riparian habitats
where feasible.

Dams and other humanmade structures are found
throughout the ERPP Study Area and itsSHORT-TERM    OBJECTIVE."    Thl~ough

management of the reservoir pool or deliberateecologicalmanagementzones. Large water
storage and flood control dams are present on thereservoir releases, provide a series of experimental

large rivers and streams and many smallerhigh-flow events in regulated rivers to observe

Water and diversion flow effects on bed mobility, bed sedimentstrearlls. storage structures
impair ecological processes such as Central Valleyquality, channel migration, invertebrate

streamflow, natural sediment supply, streamassemblages, fish abundance, and riparian habitats

meander, natural floodplain and flood processes,over a period of years. Use the findings of these

and Central Valley stream temperatures. Thisstudies to reestablish natural stream processes

group of stressors also impairs a variety ofwhere feasible, including restoration of periodic

habitats needed to support fish, wildlife, and plantinundation of remaining undeveloped floodplains.

communities. The most adversely affected habitat
is riparian and riverine aquatic habitat. VirtuallyRATIONALE: Native aquatic and riparian

all fish, wildlife and plant community populationsorganisms in the Central Valley evolved under a

which are dependent on seasonal and perennialflow regime with pronounced seasonal and

aquatic habitats have been reduced. This isyear-to-year variability. Frequent (annual or

particularly true for anadromous fish populationslonger term) high flows mobilized gravel beds,

which no longer have access to their formerdrove channel migration, inundated floodplains,

oversummering, spawning, and rearing areasmaintained sediment quality for native fishes and

above the major dams. invertebrates, and maintained complex channel
and floodplain habitats. By deliberately releasing
such flows from reservoirs, at least some of these
physical and ecological functions can probably be
recreated. A program of such high-flow releases,
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in conjunction with natural high-flow events,double the number of miles (as of 1998) of
lends itself well to adaptive management becauseregulated streams that are dominated (>75% by
the flows can easily be adjusted to the levelnumbers and biomass) by assemblages with four
needed to achieve specific objectives. However,or more native fish species.
it should be recognized that channel adjustments
may lag behind hydrologic changes by years orRA’nON~LE: Virtually all streams in the region
decades, requiring long-term monitoring. Also, onare regulated to some degree, and the regulated
most rivers, reservoirs are not large enough toflow regimes frequently favor non-native fishes.
eliminate extremely large, infrequent events soThe native fish assemblages (including those with
these will continue to affect channel form atanadromous fishes)are increasingly uncommon.
irregular, often long, intervals; artificial high-flowRecent studies in Putah Creek, the Stanislaus
events may be needed to maintain desirableRiver, and the Tuolumne River demonstrate that
channel configurations created during the naturalnative fish assemblages can be restored to sections
events. This objective is similar to the previousof streams if flow (and temperature) regimes are
one but differs in its focus on flows that are likelymanipulated in ways that favor their spawning and
to be higher than those needed to maintain mostsurvival, usually by having flow regimes that
native fish species but that are important formimic natural patterns in winter and spring but
maintaining in-channel and riparian habitats forthat increase flows during summer and fall months
fish as well as other species (e.g., invertebrates,(to make up for loss of upstream summer
birds, mammals). Experimental flow releases alsohabitats). Native invertebrates and riparian plants
will have to be carefully monitored for negativemay also respond positively to these flow regimes.
effects, such as encouraging the invasion ofAchievement of this objective will require
unwanted non-native species, additional systematic manipulations of flows

below dams (or the re-regulation of existing flow
STAGE 1 EXPECTATIONS: Studies should be regimes) to determine the optimal flow and habitat
conducted on five to 10 regulated rivers in theconditions for native organisms, as part of the
Central Valley to determine the effects ofshort-term goal. Part of the studies should be to
high-flow releases. Natural floodplains should bedetermine if the objective can be achieved without
identified that can be inundated with minimal"new" water, by just altering the timing of releases
disruption of human activity. Where positiveor by developing conjunctive use agreements that
benefits are shown, flow recommendationsshouldallow more water to flow down the stream
be developed and instituted where feasible, channel. Ways to restore native fish communities

that do not involve changed flows should be

A second Strategic Objective developed (where feasible) to be used in place of

for flow is to create flow and or synergistically with changed flows. These

temperature regimes in findings can then be applied opportunistically to

regulated rivers that favor achieve the long-term goal of restoring native fish

native aquatic species, communities.

STAGE 1 EXPECTATIONS: Surveys will have
LONG-TERM OBJECTIVE: Native fish and been completed to determine the status of native
invertebrate assemblages will be restored tofishes in all regulated streams of the Central
regulated streams where feasible, using methodsValley and flow recommendations made to restore
developed during the short-term objective phase,native fishes where feasible. During negotiations

for relicensing of dams, agency personnel should
SHORT-TERM OBJECTIVE: Provide adequate request flow regimes favorable for native fishes.
flows, temperatures, and other conditions to
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The general target for dams and other human- Strategic Plan for Ecosystem Restoration. 1999.
made structures is to reduce or eliminate their Appendix to the CALFED Bay-Delta Program
adverse influence on ecological processes, Environmental Impact Statement
habitats, and dependent species. /Environmental Impact Report. June 1999.

The following actions would help to restore USFWS 1997. Revised draft anadromous fish
healthy populations of Central Valley fish: restoration plan: a plan to increase the natural

production of anadromous fish in the Central
¯ Upgrade existing ladder systems to improve Valley of California. U. S. Fish and Wildlife

fish passage where needed. Service, May 30, 1997 114 p.

¯ Construct fish ladders, where appropriate, to USFWS 1996. Recovery plan for the
minimize blockages of upstream migrating Sacramento/San Joaquin Delta native fishes.
anadromous fish behind weirs. U.S. Fish and Wildlife Service, 1996. 195 p.

¯ Provide adequate fish passage, including fish
ladders and appropriate attraction flows to the
ladders, for small- to moderate-sized
diversion dams.

I ¯ Where feasible and consistent with other uses,
reconstruct diversions or remove dams to
allow fish passage.
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I Mills, T.J., D.R. McEwan, and M.R. Jennings.
1996. California salmon and steelhead:
beyond the crossroads, p. 91-111. In D.

I Stouder, P. Bisson, and R. Naiman (eds.),
Pacific salmon and their ecosystems: status
and future options. Chapman and Hall, New

I York.

NMFS 1997. NMFS Proposed Recov.ery Plan for

I the Sacramento River Winter-run Chinook
Salmon. National Marine Fisheries Service,
August 1997.

I Reynolds, F.L., T.J. Mills, R. Benthin, and A.
Low. 1993. Restoring Central Valley Streams:

I A Plan for Action. Califomia Department of
Fish and Game. 189 p.

Volume I: Ecosystem Restora6on Program Plan
Vision for Dams and Other StTuctures

June 1999
436

C--019322
(3-019322



| ¯ LEVEES. BRIDGES, AND BANK PROTECTION
I have a similar, though generally more localized

effect, on channel morphology and sediment

i transport.

Factors that relate to the degree of influence

I levees, bridges, and bank protection have on the
Bay-Delta include the location and maintenance
requirements of these structures.

STRESSOR DESCRIPTION

Levees were constructed in the late 19t~ and early

":. "~ ..~-~L~
20~ Century to contain the frequent flood flows.

-~ Protecting farms, towns, and cities from the
devastation of floods drove levee decisions.
Another driving force behind levee construction
was enhancing river navigation. Thus, levees were
placed near riverbanks to increase scour and
prevent shoal and bar formation while making the
most land available for reclamation. To further
improve navigability, a fleet of"snag boats" was
employed to remove fallen trees in the channel

Photos ~ California Department of Water Resources between the Delta and Red Bluff.

INTRODUCTION Each section of paired levees, constructed by State
and federal projects along major rivers in the

Three major bypass systems (Butte Basinvalley, is designed to carry a particular flow or
Overflow, Yolo Bypass, and Sutter Bypass) and flood event. Design flow is determined with the
more than 2,000 miles of major levees confineassumption that Channel "roughness" (i.e.,
floodflow in the Sacramento-San Joaquin Valleyresistance to flow) will not exceed certain values.
tributaries, rivers, and the Bay-Delta. Sometimes levees fail even when floodflow is

below the maximum design stage, particularly
Levees, bridges, and bank protection structureswhen floodflows have a long duration, such as in

overland flow and erosion and 1997.inhibit depositional January
processes that develop and maintain floodplains,
and allow stream channels to meander. LeveesConstruction materials and standards used to build

floodflows from entering historic the levees would not meet U.S.prevent early present
floodplains behind levees, stopping floodplainArmy Corps of Engineers (Corps) structural
evolution, and eliminating or altering the charactercriteria. Delta levees allowed tidally-influenced
of habitats. Confining floodflows to marsh to be converted to productivefloodplain emergent
channels also increases the fluvial energy thatfarmland and towns.
scours or incises channel beds and reduces or halts
channel meander and oxbow formation. Bridges
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In some cases, bank protection has been installedshoal habitat for shorebirds, wading birds, and
on channelbanks without a levee to protect thewaterfowl. Although there are many channels on
landside from erosion inside the river’s activeDelta islands and diked tidelands, they are isolated
floodplain, from the rivers and estuaries by levees. Many

have been filled or drained.
In some places; the width of the levees is only a
little wider than the width of the channel at lowUpstream of the Delta, several small and large
flow, such as along the Sacramento Riverfreshwater tidal sloughs and secondary oxbow
downstream of Colusa. Restricted channelschannels of the Sacramento and San Joaquin
typically cause deeper, faster velocities during highRivers were once intertwined with main river
stage. The amount and width of potential riparianchannels. However, levee construction severed the
vegetation are restricted by narrow levees, andconnections. Some of these former secondary
these river reaches have a low ratio of shallow-channels are still present as isolated lakes, while
water habitats to deep, open water. Cross sectionsothers have been filled or drained.
of these channels are typically trapezoidal, rather
than a more natural contour with low bank anglesThe need for extensive bank protection, primarily
and one or more horizontal floodplain surfaces, rock riprap, has increased because riverbanks

have eroded into the narrow floodplains that
Today, most of the Delta levees are higher, steeper,typically separate levees from channelbanks,
and therefore, pose greater potential risk of failure,highways, railroads, or bridges. In the Delta,
This is a result of land subsidence caused primarilyriprap is required to protect steep-sided levees
by the oxidation, erosion, and depletion of peatfrom waves caused by wind and boat wakes in
soils in the Delta. The former tule islands nowwide channels.
resemble steep-sided bowls 5-25 feet below mean
sea level. Most Delta levees have minimum bank vegetation,

and many are covered by rock riprap. Therefore,
Extensive areas in San Pablo Bay, Suisun Bay, thethe riparian corridor is very narrow or absent
Delta,and the Yolo and San Joaquin basins arealong Delta channels. In addition, the physical
below mean high tide but are not subject to tidalprocesses necessary to sustain floodplain habitats
action because of levees and flapgates. Thismay be absent or diminished. Riparian vegetation
reduces the area and water volume subject to tidalis not allowed to grow on or near most levees
mixing and reduces the size of the Delta floodplain,further narrowing available habitat area. The
Reduced residence time of Delta water andaquatic and terrestrial habitat quality of the Delta
nutrients restricts the development of complexand river corridor have declined as the percentage
molecules and foodweb organisms. Diked tidelandsof riprapped levee segments increases. Tens of
also may have an artificially high concentration ofthousands linear feet of riprap are planned for the
salt atthesurface, next phase of the Sacramento River Bank

Protection Project.
Perimeter Delta floodplains and intertidal zones
were formerly punctuated with many miles of low-Bridge spans are often much more narrow than the
velocity backwater channels and distributaries,natural floodplain width, so bridges are usually
Backwater channels served as nutrient, sediment,flood stage "bottlenecks." Backwater effects
and foodweb exchange and delivery systems, asduring high flow may cause channel instability.
well as important rearing habitat for juvenile fish.Additional bank revetment and reduced vegetation
At low tides, these branching slough systemsare often required so flood flows may safely pass
provided several miles of mudflat and shallowunder bridges. At least 31 major bridge crossings
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exist on the Sacramento River, 10 each across theriparian environments of the Delta. The majority
lower Feather and American Rivers, at least 25 onof the approximately 50 Delta islands are
major Delta sloughs and rivers, and 18 across thehydrologically disconnected by levees from the
lower San Joaquin River to Mossdale. primary channel, open-water estuarine

environment. Most of these levees are likely to

ISSUES AN D remain in future years and to be reinforced with
rock riprap, raised and widened, or rehabilitated in

OPPORTUNITIES other ways to prevent levee failure. Potentially
beneficial projects that could be incorporated into

FLOOD MANAGEMENTASECOSYSTEMTOOL: these programs include levee setbacks and
The current approach is to control floods usingcreation of broad submerged benches, as well as
dams, levees, bypass channels, and channelthe construction of broader levees to support
clearing. This approach is maintenance intensive,riparian vegetation. Developing contingency
and the underlying cause of much of the habitatplans for responses to major and multiple levee
decline in the Bay-Delta system since 1850. Notfailures in different parts of the Delta can also
only has flood control directly affected ecologicalprovide ecosystem benefits and minimize
resources, but confining flows between closelydisturbances associated withlevee repair
spaced levees also concentrates flow and increases(Strategic Plan 1999).
flood problems downstream. With continued
deterioration of flood control infrastructure, furtherMimic natural flows of sediment and large woody
levee failures are likely. Emergency flood repairsdebris. Dams disrupt the continuity of sediment
are stressful to local communities and resourcesand organic-debris transport through rivers, with
and often result in degraded habitat conditions. Anconsequent loss of habitat, and commonly, river
alternative approach is to manage floods,incision, downstream. In some cases, such as
recognizing that they will occur, they cannot beEnglebright Dam on the Yuba River, the
controlled entirely, and have many ecologicalfeasibility of dam removal should be evaluated as
benefits. Allowing rivers access to more of theira sustainable solution to reestablishing continuity
floodplains of sediment and debris transport, asasactuallyreducesthedangerof levee well
failure because it provides more flood storage andproviding access to important spawning and
relieves pressure on remaining levees. Valley-widerearing areas. Most dams, however, cannot be
solutions for comprehensive flood management areremoved, methods must be sought toso
essential to ensure public safety and to restorereestablish continuity of sediment and wood
natural, ecological functioning of river channelstransport with the dam in place. Coarse sediment
and floodplains. Integrating ecosystem restorationcan be artificially added below dams to at least
with the Army Corps of Engineers’ Comprehensivepartially mitigate for sediment trapping by the
Study of Central Valley flood management candam and ameliorate the impacts of
help redesign flood control infrastructure tosediment-starved flows. This approachhasbeen
accommodate more capacity for habitat whilesuccessfully used in Europe, using sediment from
reducing the risks of flood damage (Strategic Plannatural (landslide) and artificial sources (injected
1999). from barges). On the River Rhine, enough gravel

and sand are added below the lowest dam to
OPPORTUNITIES: Coordinate with the various satisfy the present sediment transport capacity of
levee and flood control state, local, and federalthe Rhine to prevent further incision of the bed (an
programs to establish design criteria and standardsaverage of over 200,000 cubic yards annually).
that ensure that levee rehabilitation projectsOn the Sacramento River, gravels have been
incorporate features beneficial to the aquatic andadded at a rate much below the river’s transport
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capacity so they are vulnerable to washout at highIn some cases, levees can simply be breached or
flows. A more sustainable approach would be toremoved so that the floodplain is setback to the
add gravel (and sand) on a regular basis and at anatural shoreline. The soil could be used for
much larger scale to better mimic natural sedimentrestoration elsewhere. Breached-levee areas are
loads and therefore provide the sediment fromprime candidates for restoring networks of small
which the river would naturally create and maintaintidal sloughs and shallow backwater channels,
spawning riffles. This latter approach requires aincreasing habitat complexity and diversity.
large commitment of resources and should be
undertaken only in rivers where other factors (e.g.,Some Delta islands pose overwhelming
temperature regime) are favorable (or can be madeconstraints to agricultural practices and levee and
favorable) for recovery of species (such as thedrainage-pump upkeep. Some are candidates for
upper Sacramento). Such opportunities will beconversion to aquatic and tidal emergent wetland
more economical where sources of dredger tailingshabitats. The Ecosystem Restoration Program Plan
or reservoir Delta deposits are available nearby, recommends a subsidence-control program to

graduallyrestoreislandelevations.
While recognizing the navigation and flood safety
issues associated with large woody debris in rivers,Actions to control subsidence include:
the importance of this debris to the foodweb and
structural habitat for fish should not be overlooked.̄ managing nontidal emergent and seasonal
There is an opportunity to investigate ways by wetlands to accrete organic island soils.
which to pass debris safely through dams and
bridges. This may require replacing some existinḡ filling or raising with clean dredge materials,
bridges with those less prone to trapping woody crop stubble, and soil material, excavated to
debris (Strategic Plan 1999). expand floodway capacity.

VISION Reflooded Delta islands would create a mosaic of
interfaced habitat types. Depending on fill

The vision for levees, bridges, and bank protectionavailable material and island elevations, created

is to reduce the adverse effects of these structureshabitats should include deep, open-water (greater

in order to improve riverine and floodplain habitatthan 6 feet below mean sea level), shallow-aquatic

conditions to assist in the recovery of State- andand nearshore habitats; intertidal mudflats and tule

federally listed fish species, and other fish andmarsh; willow scrub; and mixed riparian forest.

wildlife. Saline areas also support halophytic plant
communities such as saltgrass and pickleweed.

Depending on size, location, and type of habitat,
setback levees can be used to create high-qualitySeveral pilot projects to expand shallow,

nearshorehabitatsalongDeltachannelsusinglowhabitat nodes along low-quality, narrow sections of
leveed rivers and streams. Much of the interior ofbenches along levees have been constructed and

central and west Delta islands are at an elevationmonitored in recent years. These designs will be
refinedand theirapplicationexpanded.Othertoo low for extensive levee setbacks to be feasibleareas of the Delta that have more-than-adequateor desirable but should be evaluated on a case-by-

case basis. Setback levees may be feasible in thefloodflow capacity could support more vegetation
and fill in the channel. Because of the limitedeast, north, and south in perimeter Delta areas,
width of the area restored and high installationLevees set back to higher, firmer ground are more

reliable and the setback zone may be available forcosts of this approach, this measure is considered

restoredhabitats, or farmed part of the year.
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a lower priority to levee setbacks and removal in the Delta that allow for shoreline riparian,
projects, marsh, and shallow aquatic habitats.

INTEGRATION WITH OTHER LINKAGE WITH OTHER
RESTORATION PROGRAMS ECOSYSTEM ELEMENTS

Efforts to reduce the impacts of levees, bankLevees, bridges and bank protection adversely
protection, and bridges will involve coordinationaffect important ecological processes, habitats,
with other programs. These include: and species in the ERPP Study Area. For

example, bank protection limits stream channel
¯ the Upper Sacramento River Fisheries andmeander, erosion, reduces opportunity for

Riparian Habitat Advisory Council (SB 1086) sediment deposition, and restricts opportunity to
group efforts to limit the placement of rock on regenerate riparian and riverine aquatic habitats.
banks of the river, and other river corridor In turn, fish, wildlife, and plant communities are
management plans; restricted or imperiled.

¯ the Corps’ proposed reevaluation of the STRATEGIC OBJECTIVE,
Sacramento River Flood Control Project and
ongoing Bank Protection Project, including TARGETS, AND
more comprehensive floodplain management PROGRAMMATIC
and river ecosystem restoration opportunities; ACTIONS

¯ wetland restoration, under the Delta Flood ~
Protection Act (AB360), such as Decker Island ,~ ~
and Sherman Island habitat projects;

~                         levees, bridges, and bankprotection isto reestablish
riparian habitat restoration ~¯ proposed and frequent    inundation    of

floodplain management studies, including floodplains by removing,
potential new flood bypass systems andbreaching, or setting back levees and, in
expanded river floodplains on lands recentlyregulated rivers, by providing flow
acquired by the California Department of Parksreleases capable of inundating
and Recreation and U.S. Fish and Wildlife floodplains.
Service;

LONG-TERM OBJECTIVE: Reestablish active¯ planned and proposed restoration of diked
tidelands of Suisun Marsh and San Pablo Bayinundation of floodplains with area targets and

and islands in the south Yolo Bypass andinundation frequencies (1-5 years) to be set for

Delta; and each major alluvial river (where feasible) based on
probable pre-! 850 floodplain inundation regimes

¯ several studies and pilot demonstration projectsand on existing opportunities to modify existing
land uses.by the Corps, California Department of Fish

and Game, California Department of Water SHORT-TERM OBJECTIVE." Reestablish active
Resources, and others to develop newinundation of at least half of all remainingalternative designs for bank revetment or

unurbanized floodplains in the Central Valley,biotechnical levee protection along rivers and
where feasible.
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RATIONALE: Frequent (often annual)floodplain Actions to reduce adverse effects of levees,
inundation was an important attribute of thebridges, and bank protection on the Bay-Delta
original aquatic systems in the Central Valley andecosystem would include the following:
was important for maintaining diverse riverine and
riparian habitats. Important interactions between̄ Investigate the feasibility of levee setbacks
channel and floodplain include overflow onto the along rivers.
floodplain, which (1) reduces the cutting down of
the channel, (2) acts as a "pressure relief valve",̄ Investigate the feasibility of levee setbacks in
permitting a larger range of sediment grain sizes to the Delta.
remain on the channel bed, (3) increases the
complexity and diversity of instream and riparian̄ Convert selected Delta islands to a mosaic of
habitats, and (4) stores floodwater (thereby deep- and shallow-water and tule-marsh
decreasing flooding downstream). The floodplain habitats.
also provides shading, food organisms, and large
woody debris to the channel. Floodplain forests̄ Build innovative benches to support shoreline
serve as filters to improve the quality of water habitats, where levees must remain.
reaching the stream channel by both surface flow
and groundwater. The actions necessary tō Tier from on-going programs to contribute to
reestablish active inundation will probably require successful implementation.
major land purchases or easements, and financial
incentives to move existing floodplain uses REFERENCE
elsewhere, as has been done in the Midwest since
1993. Obviously, artificial inundation events willStrategic Plan for Ecosystem Restoration. 1999.
have to be planned to take into account other needs Appendix to the CALFED Bay-Delta Program
for stored water, including increased summer Environmental Impact Statement
flows. /Environmental Impact Report. June 1999.

STAGE 1 EXPECTATIONS:    All existing
unurbanized floodplains in the Central Valley will
have been identified and a priority list for
floodplain restoration projects developed,
Strategies for the restoration of natural channel and
floodplain dynamics will have been developed and
implementedin at least two large demonstration
projects. Results of initial floodplain reactivation
projects will be used to increase understanding of
channel-floodplain interactions and the potential
for restoration of processes.

The general target for levees, bridges, and bank
protection is to reduce or eliminate adverse effects
on ecological processes, habitats, and dependent
species to the extent possible, and in a manner
consistent with flood control.
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I
| ¯ DREDGING AND SEDIMENT DISPOSAL

i channels and harbors would become too shallow
to accommodate container ships and other heavy
vessels. Lack of dredging would also increase the

I frequency and severity of Delta island flooding.
Conveyance of freshwater from the Sacramento
River to the southern Delta pumping facilities

I
would also become less efficient.

Dredging and the disposal of dredged material are
i harmful to the natural productivity ofpotentially

the Bay-Delta ecosystem. The harmful effects of
dredging could be a result of the destruction or

i disruption of benthic communities, turbidity

INTRODUCTION (muddy water) plumes, and release of organics
and contaminants from sediments.

i Dredging and sediment disposal serves a number
of purposes in the Bay-Delta. Most dredging isDredge material disposal poses potential

done to maintain or deepen navigation channels,environmental problems, particularly when it

I harbors, and marinas. Dredging is also required tocontains polyehlorinatedbiphenyls (PCBs),

maintain or increase flood control and waterelevated concentrations of trace metals, or other

conveyance capacity and to obtain material forpotentially harmful constituents. The major elTects

i of increased suspended sediment concentrationslevee maintenance and repair. This maintenance
(turbidity) at sediment disposal sites are probablydredging activity is required because sediments

transported to the Delta tend to accumulate inon fish behavior, feeding patterns, foraging

I efficiency, modified prey response, and habitatdeep channels and backwater areas,
choice (San Francisco Estuary Project 1993).

i STRESSOR DESCRIPTION Historically, the main disposal sites for dredged
material were in the Bay near Alcatraz Island, and

Approximately 2-5 million cubic yards of bottom offshore in an area that is now within the Gulf of
material must be dredged from the Bay-Delta eachthe Farallones National Marine Sanctuary. The
year to maintain adequate depth for navigationAlcatraz disposal site is no longer suitable because
channels, harbors, and marinas and to maintainit has become a navigation hazard. Disposal is
flood control and water conveyance capacity. As banned in the marine sanctuary. Efforts to
harbors and channels are deepened toidentify, evaluate, and prioritize alternative
accommodate larger cargo ships, this amount isdisposal sites are currently underway as part of the
expected to increase to more than six millionLTMS.
cubic yards per year over the next 50 years.

Dredging material is needed for agricultural
Dredging maintains the Stockton ship channelstability and for use in ecosystem restoration. Fill
through along Joaquin River, is needed to construct setback levees, reinforcetheDelta theSan the
Sacramento deepwater ship channel, and theexisting levees, and restore wetlands and riparian
storage capacity in Clifton Court Forebay.areas, channel island habitats, and other critical

areas. The need for fill will be particularly acuteWithoutthismaintenancedredgingactivity,the
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in the lowest-lying Delta islands, some of whichBoard (RWQCB), the Central Valley RWQCB,
are 20 feet or more below sea level. Oneand the San Francisco Bay Conservation and
alternative for restoration efforts in subsided areasDevelopment Commission with the involvement
would require using fill to stop the oxidation ofof other agencies and stakeholder groups.
organic matter in peat soils. Fill material may also
be required on islands that are used for continuingOne of the objectives of the LTMS is to promote
agricultural production, the reuse of dredged materials whenever it can be

shown that there is a need for the material and
VISION placement can be done in an environmentally

acceptable manner. Restoring tidal wetlands,

The vision for dredging and sediment disposal inconstructing setback levees, restoring riparian
areas and channel islands, and other effortsthe Bay-Delta is to maintain adequate channel

depth for navigation, flood control, and waterneeded to restore Bay-Delta foodweb productivity

conveyance while reducing the adverse effects ofand the abundance offish, waterfowl, and wildlife

dredging activities on the Bay-Delta ecosystem,populations will require fill material. Therefore,

Dredged material disposal would bethere is a great opportunity for linkage between

environmentally sound and the use of nontoxicERPP efforts and managing dredging in the Bay-

dredged material would be promoted as a resourceDelta to the mutual benefit of the ecosystem and

for restoring tidal wetlands and other habitats,the industries dependent on safe and efficient

reversing Delta island subsidence, and improvingnavigation in the Bay-Delta.

dikesandlevees.
LINKAGE WITH OTHER

The ERPP supports the interagency long-term ECOSYSTEM ELEMENTS
management strategy (LTMS) for dredged
materials in the San Francisco Bay andThe adverse effects of dredging and the disposal
recommends that approximately half of theof dredge materials can be adjusted to contribute
dredged material from the Bay-Delta be used toto restoring ecological health of the Bay-Delta.
restore habitats and strengthen levees. BecauseDredge materials can be used to recreate shallow
one million cubic yards are equivalent to aboutwater habitats throughout the Delta. This will
620 acre-feet (af), approximately one square mileincrease the acreage of this type of habitat and
(640 acres) 3 feet deep can be restored each year.support aquatic and plant species dependent on
The amount of high-potential tidal wetlandshallow water habitat.
restoration sites within the Bay is more than
10,000 acres.

INTEGRATION WITH

OTHER RESTORATION
PROGRAMS

ERPP supports and seeks to extend the regional
approach to dredging and sediment disposal
decision making embodied in the LTMS
developed by the U.S. Army Corps of Engineers,
U.S. Environmental Protection Agency, the San
Francisco Bay Regional Water Quality Control

¯
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I

STRATEGIC OBJECTIVE. vision:

TARGETS, AND ¯ Coordinate all actions closely with federal,
PROGRAMMATIC State, and local agencies charged with

regulating dredging activities in the Bay-

i ACTIONS                  Delta.

~
The Strategic Objective for ¯ Reduce the amount of contaminants flowing

I dredging and sediment into the Bay-Delta and subsequently absorbed
disposal is to reduce loss and by Bay-Delta sediments.

,degradation of aquatic
habitats and vegetated berm ¯ Identify alternative dredged material disposal

islands caused by dredging activities and sites including upland and ocean sites, to
reduce impacts of dredging activities on ensure that disposal activities are flexible and

i aquatic resources during critical spawning avoid undue reliance on a small number of
and rearing periods and in sensitive areas, sites.

I LONG-TERM OBJECTIVE: To link dredging and ¯ Maximize-the reuse of dredged materials for

spoil disposal with environmental restoration, habitat restoration and other beneficial uses

reversal of subsidence, and levee maintenance, and minimize the amount of disposed material
that is subject to resuspension and subsequent

I          SHORT-TERM OBJECTIVE: Reduce adverse          redredging.

environmental impacts and further demonstrate

I the beneficial reuse of dredge materials.
¯ Support continued research on sediment

transport and deposition, sediment quality and

RATION,Oa.E: Dredging is a necessary activity toxicity testing, the environmental effects of

that is conducted to maintain shipping channels suspended sediment and contaminants, and

I the beneficial reuse of dredged materials soand channel capacity during flood flow events.
Dredging can be conducted in an environmentally that dredging and sediment disposal

benign manner and clean, uncontaminated dredge management will continue to improve.

I spoils can be used for many uses including levee
reconstruction, wetland restoration, reversal of REFERENCE
subsidence, and the creation of shallow waterI habitats. San Francisco Estuary Project. 1992. State of the

Estuary; a report on conditions and problems
STAGE 1 EXPECTATIONS." Pilot programs that in the San Francisco/Sacramento-San Joaquin

I demonstrate the beneficial of Delta underreuse dredge Estuary.Prepared Cooperative
materials for ecological purposes will have been Agreement CE-009486-02 with the
implemented by creating wetland and shallow Environmental Protection Agency by theI water habitats in the Delta and Bay. Association of Bay Area Governments. 270p.

The general target for dredging and dredge
I disposal is reduce the loss and degradation of

habitat and to contribute sediments for the
recreation of shallow water habitats.

i          The following actions would help to achieve this
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¯
| GRAVEL MINING

i predatory fish, serve as heat sinks that increase the
ambient water temperature, or capture sediment

i naturally moving downstream.

STRESSOR DESCRIPTION

I                                                         Development throughout the Central Valley has
increased the demand for aggregate used in

I construction. Records of the Department of
INTRODUCTION Conservation, Office of Mine Reporting and

Reclamation Compliance, show that 1.53 million

i The natural sediment supply of Central Valleytons of aggregate were mined in Tehama and
rivers and streams is composed of mineral andShasta Counties in 1992. In Shasta County, more
organic fines, sands, gravel, cobble, and woodythan half of the aggregate mined came from

I debris (e.g., tree branches and root wads),quarries, and was not alluvial gravel. It is also
sediments that naturally enter, transport and erodenotable that in 1992, there was only one in-stream
through the system. Sediment is one of the naturalmining operation is Shasta County. County and

i building blocks of the ecosystem on which manyCalifornia Department of Fish and Game permits
other ecological processes, functions, habitats andshow that up to four million tons could have been
species depend. Gravel, for example, is importantmined in the area in 1994, although the actual
for maintaining spawning habitat of salmon andmined quantity may have been substantially less.I steelhead and supports many oninvertebrates
which young fish prey. Finer sediments andWide-scale gravel extraction has damaged
fluvial (flowing water) processes create conditionsbridges, siphons, and other fiver-crossingI to establish new riparian forests and structures by aggravating degradation andnecessary
wetlands, undermining foundations. In Glenn County, for

example, the State Route 32 bridge over Stony

i Human activities have had a significant adverseCreek has been repaired three times at a cost of
effect on natural sediment processes in the Bay-nearly $2 million. In Tehama County, the Coming
Delta watershed. One of the more prominentCanal siphon is being exposed as the bed

I adverse activities is the removal of sand anddegrades, and repairs will cost several million
gravel from active stream channels. Bothdollars. The North Main Street bridge over Dibble
abandoned and active mining sites exist onCreek in Red Bluff has been repaired several

I virtually every stream or streamside alluvialtimes at a cost of more than $100,000, and the
deposit throughout the ERPP study area (ReynoldsCalifornia Deparmaent of Transportation
et al. 1993). (CalTrans) has replaced the Interstate 5 bridge

i over Cottonwood Creek in Shasta County.
Sand and gravel mining is a valued commercial
activity, but it has impaired sediment transport,Riparian communities are affected by mining in

I gravel recruitment, and stream channel meanderseveral ways. The most obvious adverse effect is
processes. Instream gravel extraction damagesthe direct removal or destruction of riparian
riparian vegetation, movement of groundwater,vegetation by construction of access roads, mined

i water quality, and fish and wildlife populations. Inareas, and storage areas. Riparian vegetation can
some areas, abandoned gravel pits now harboralso be lost by degradation and streambank
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undermining. In addition, degradation and eroding valuable instream bar deposits.
groundwater table reductions destroy shallow- Therefore, instream mining causes both direct
rooted riparian forest for large areas surrounding and indirect downstream loss of gravel and
gravel mines, gravel bars.

Fish are directly affected by gravel removal.̄ Historic extraction rates often exceeded the
Anadromous fish use gravel for spawning. Salmon average annual yield of gravel from upstream
generally spawn in riffles with water velocities areas. This condition further halts the
between one and 3 feet per second at a depth of downstream transport of gravel and often
between 0.5 and 3 feet. Mining activities may triggers channel incision from the upstream
change riffle velocity and depth or deplete and downstream migration of nick points in
spawning-sized gravel. The Sacramento River and the bed elevation as the river compensates for
many of the tributaries in the Redding area have the loss of bedload. Instream mining may
been depleted of gravel from a combination of cause an increase in the downstream sediment
mining and lack of gravel moving downstream load from fissure sediments dislodged by
from the area above Lake Shasta. In some places, surface disturbance from mining or channel
the remaining substrate is too coarse for salmon adjustment. Downstream sedimentation may
spawning; in other places, bedrock is exposed bury spawning beds in sand and silt or
overlargesections of the stream, suffocate fish eggs in spawning gravels. Most

conditional use permits for in-stream mining
Channel braiding caused by uniform grading issued in California in the last 10 to 15 years
during bar excavation can create conditions do not permit extraction rates to exceed
unsuitable for fish. Higher water temperatures are annual yield.
caused by lower velocities, shallower waters, and
reduced vegetation cover of a braided channel.̄ Instream mining of active channel bars and
Many fish cannot survive or spawn in higher-than- deep channel deposits is particularly disrup-
normal temperatures. These effects may be tive to the sediment budget of alluvial streams
avoided by maintaining a narrow and deep low- below large dams. This is especially true
flow channel through a gravel mining area. where there are no major tributaries down-

stream of the dam to supply another source of
Instream gravel mining involves the direct gravel and sediment. An example of this
removal of sand, gravel, and cobble from the condition is the lower American River, where
channel and active floodplain of a stream, instream and floodplain mining has ceased but
Instream mining degrades or eliminates river where the only significant source of gravel
ecosystem functions, processes, and habitats in the and sediment is from bank and channel
following ways: erosion below Nimbus Dam. Channel

armoring has occurred where bars in the
¯ Instream mining homogenizes the salmon spawning reach are primarily com-

geomorphology (shape) of the river channel posed of cobbles that resist bed transport at
and its floodplain. Mining removes complex the most common flows. The lower American
bed forms and elevated floodplains. Channels River and the lower Yuba River are also
are typically widened and deepened at mining depleted of fine sediment on bar deposits.
sites, creating an environment that stops There is little support for recruitment of
downstream gravel transport. Gravel depletion cottonwood seedlings and saplings because
can accelerate erosion and depletion of these trees cannot germinate or survive in the
several miles of downstream gravel bars. The coarse substrate during summer low-flow
river will adjust to the reduced bedload by conditions.

¯
Vision for Gravel Mining ¯
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¯ Historically, mining removed riparian offer prime invasion sites for weedy,
vegetation, instream woody debris, and opportunistic plant species. This situation is

I spawning redds. All vegetative cover and partially remedied by present requirements
fluvial landforms were removed to gain which include reclamation plans that include
access to the mining site and to clean and sort comprehensive revegetation with native

i gravel for commercial use. These habitats species and eradication of non-native invasive
may not have been replaced until instream species.
mining ceases. Presently, conditional use
permits issued in California usually require |SSUI::S

i protection and non-disturbance of some or all
riparian vegetation. In addition, many permits OPPORTUNITIES
require concurrent reclamation, so that soilI and vegetation is replaced as the miningCHANNEL DYNAMICS, SEDIMENT

progresses from one area to the next. TRANSPORT, AND RIPARIAN VEGETATION:
There is growing recognition that dynamic river

I ¯ mines excavated in the channel and channels, free to overflow onto floodplains andDeeppit
active floodplain may result in "pit capture." migrate within a meander zone, provide the best
Deep pit mines, such as those prevalent in theriverine habitats. The dynamic processes of flow,

I tributaries to the San Joaquin River, are oftensediment transport, channel erosion and
separated by a wall of unexcavated riverdeposition, periodic inundation of floodplains,
alluvium. These walls are easily eroded orestablishment of riparian vegetation after floods,

i overtopped by high flows. When this occurs, and ecological succession create and maintain the
the river may avulse (move suddenly) fromnatural channel and bank conditions favorable to
the natural channel into and through the pit,salmon and other important species. These
where most gravel bedload will then beprocesses also provide important inputs of food
captured. When high flows recede, fish will and submerged woody substrates to the channel.
be trapped in the instream "lakes" that .areThe most sustainable approach to restoring

I formed. Juvenile salmonids trapped in thesefreshwater aquatic and riparian habitats is by
lakes are subject to predation and high water restoring dynamic channel processes; however,
temperatures, restoration of natural channel processes is now

i hampered by the presence of levees and bank
¯ Disturbance from instream mines often leadsprotection along many miles of rivers. Below

to the invasion of undesirable non-nativereservoirs, the reductions in high flows, natural

I plants. Streams with instream mining areseasonal flow variability, and supply of sand and
often sites with high rates of colonization bygravel have further exacerbated the constraining
invasive non-native plants, such as tamarisk,effect on rivers with levees and rock banks. It is

I eucalyptus, giant reed, and pepperweed,therefore a priority to identify which parts of the
These species spread through displaced stemsystem still have (or can have) adequate flows to
and root fragments or by prolific seed inundate floodplains and sufficient energy to

i dispersal. For example, channel grading forerode and deposit, and to identify floodplain and
levee construction and mining on Stonymeander zone areas for acquisition or easements
Creek, along with bank erosion, causes giantto permit natural flooding and channel migration.
reed plants to be transported downstream and Sediment deficits from in-channel gravel mining

i into the Sacramento River corridor. Once in feasibility orshouldalsobeidentifiedand the
the corridor, they colonize natural bars andefficacy of augmenting the supply of sand and
compete with native trees and shrubs. Freshlygravel in reaches below dams should be evaluated

disturbed and exposed areas at mines also(StrategicPlan1999).
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OPPORTUNITIES: Mimic natural flows of be overlooked. There is an opportunity to
sediment and large woody debris. Dams disruptinvestigate ways by which to pass debris safely
the continuity of sediment and organic-debristhrough dams and bridges. This may require
transport through rivers, with consequent loss ofreplacing some existing bridges with those less
habitat, and commonly, river incision,prone to trapping woody debris.
downstream. In some cases, such as Englebright
Dam on the Yuba River, the feasibility of damIdentify and conserve remaining unregulated
removal should be evaluated as a sustainablerivers and streams and take actions to restore
solution to reestablishing continuity of sedimentnatural processes of sediment and large woody
and debris transport, as well as opening access todebris flux, overbank flooding, and unimpaired
important spawning and rearing areas. Mostchannel migration. Most rivers in the Central
dams, however, cannot be removed, so methodsValley are regulated by large reservoirs and
must be sought to reestablish continuity oftherefore require considerable investment to
sediment and wood transport with the dam inrecreate the natural processes needed to sustain
place. Coarse sediment can be artificially addedtrue ecosystem restoration; however, a few large
below dams to at least partially mitigate forunregulated rivers still exist, such as the
sediment trapping by the dam and ameliorate theCosumnes River and Cottonwood Creek.
impacts of sediment-starved flows. This approachLowland alluvial rivers and streams with relatively
has been successfully used in Europe, usingintact natural hydrology should be identified and
sediment from natural (landslide)and artificialmade a high priority for acquisition of
sources (injected from barges). On the Riverconservation and flooding easements, setting back
Rhine, enough gravel and sand are added belowof levees, and other restoration actions because
the lowest dam to satisfy the present sedimentsuch actions on these rivers are likely to yield high
transport capacity of the Rhine to prevent furtherreturns in restoration of natural processes and
incision of the bed (an average of over 200,000habitats and, ultimately, fish populations.
cubic yards annually). On the Sacramento River,
gravels have been added at a rate much below theUndertake fluviogeomorphic-ecological studies of
river’s transport capacity so they are vulnerable toeach river before making large investments in
washout at high flows. A more sustainablerestoration projects. River ecosystem health
approach would be to add gravel (and sand) on adepends not only on the flow of water, but on the
regular basis and at a much larger scale to betterflow of sediment, nutrients, and coarse woody
mimic natural sediment loads and thereforedebris and on interactions between channels and
provide the sediment from which the river wouldriparian vegetation, variability in flow regime, and
naturally create and maintain spawning riffles,dynamic channel changes. It is only through
This latter approach requires a large commitmentinterdisciplinary, watershed, and historical scale
of resources and should be undertaken only instudies that the constraints and opportunities
rivers where other factors (e.g., temperatureparticular to each river can be understood. For
regime) are favorable (or can be made favorable)example, it was only after a fluviogeomorphic
for recovery of species (such as the upperstudy of Deer Creek that the impact of flood
Sacramento). Such opportunities will be morecontrol actions on aquatic and riparian habitat was
economical where sources of dredger tailings orrecognized, a recognition that has lead to a
reservoir Delta deposits are available nearby, proposal for an alternative flood management

approach designed to permit natural river
While recognizing the navigation and flood safetyprocesses to restore habitats along Lower Deer
issues associated with large woody debris inCreek.
rivers, the importance of this debris to the
foodweb and structural habitat for fish should not

Volume L" Ecosystem Restora~on Program Plan ¯
Vision for Gravel Mining

449                                            June 1999

!
C--01 9335

C-019335



VISION INTEGRATION WITH

The vision for is          OTHER RESTORATIONgravelmining to improvegravel
transport and cleansing by reducing the adverse PROGRAMS
effects of instream gravel mining. Achieving this
vision would help to maintain or restore flood,Programs sponsored by other agencies that would
floodplain, and streamflow processes that governalso help to achieve the ERPP vision for gravel
gravel supply to improve fish spawning andminingand recruitment include:
floodplain habitats.

¯ county-sponsored instream mining and
Opportunities to achieve the vision for gravel reclamation ordinances and river and stream
mining include reducing or eliminating instream management plans, such as new gravel and
gravel extraction by relocating gravel mining stream management plans approved in Butte
operations to alluvial deposits outside active and YoloCounties;
stream channels and riparian zones and
introducing gravel in deficient areas in streams̄ the State Department of Conservation’s
until natural processes are restored to a level that reclamation planning assistance programs
will provide sufficient quantities. The Ecosystem under the Surface Mining and Reclamation
Restoration Program Plan (ERPP) supports Act;
channel design or levee construction projects
consistent with restoring floodplains to amelioratē Anadromous Fish Restoration Program gravel
this problem. In certain situation, gravel mining is replenishment programs and plans and small
used as a surrogate for adequate flood control to dam removal and/or fish ladder rehabilitation
prevent flooding, for bank protection, and to projects(USFWS 1997);
protect structures.

¯ the San Joaquin River Parkway plan; and
One strategy to achieve this vision is to identify
alternative sources of gravel for fishery restoration by Departmentefforts the State of

and other uses instead of extracting gravel for Conservation and counties to identify
these purposes from active stream channels, alternative sources of commercial sand and
Potential and for in-stream gravel in reservoir deltas, floodplain terraceimpacts mitigations
mining, gravel bar skimming and terrace gravel deposits, old dredger mining cobble deposits,
operations should be evaluated on a case-by-case and hardrock sites.
basis, and could be permitted, provided that an
acceptable stream management and reclamation LINKAGE WITH OTHER
plan is prepared, funded, and implemented.
However, portland cement concrete grade ECOSYSTEM ELEMENTS
aggregates are found only in in-stream and terrace
deposits. Materials from other sources may not beGravel and sand extraction activities have the
as suitable as in-stream aggregates, potential to adversely effect several important

ecological processes, habitats, and the dependent
species. Ecological processes include natural
sediment supply and stream channel meander.
Riparian and riverine aquatic habitat is the most
common habitat that is adversely effected by
gravel mining. Many fish, wildlife, and plant
species are dependent on gravel beds, sediment,
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and riparian corridors. These are reduced byeliminate instream gravel mining on channels
gravel mining. However, careful planning anddownstream of reservoirs, and limit extraction on
mitigation of gravel operations can eliminateunregulated channels to 50% of estimated bedload
adverse impacts, supply or less (or to levels determined not to

negatively impact fish and other ecological

STRATEGIC O BJ ECTIVE, resources); (4) develop incentives to discourage
mining of gravel from river channels and adjacent

TARGETS, AND floodplain sites; and (5) develop programs for

PROGRAMMATIC comprehensive sediment management in each
watershed, accounting for sediment trapped by

¯ ~I~CTIONS                    reservoirs, availability of sediment from
tributaries down stream of reservoirs, loss of

The Strategic Objective is to reservoir capacity, release of sediment-starved

~ restore coarse sediment water downstream, channel incision and related
supplies to sediment-starved effects, and the need for sources of construction
rivers    downstream of aggregate.

reservoirs.
STAGE 1 EXPECTATIONS: Sediment-starved

channels in the Bay-Delta system will have beenLONG-T~=RM OBJ’=CTIV~=: Implement a
comprehensive sediment management plan for the

identified; strategies to mitigate sediment
starvation, such as shifting mining of gravel from

Bay-Delta system that will minimize problems ofriver channels to alternate sources, adding gravel
reservoir sedimentation and sediment starvation,below dams, and removing nonessential dams will
shift aggregate extraction from rivers to alternate

have been developed; demonstration projects willsources, and restore continuity of sedimenthave been. implemented (and monitored) to
transport through the system to the extent feasible,mitigate sediment starvation in at least six rivers.

SHORT-TERM OBJECTIVE." Develop methods The general target for gravel mining is work with
and procedures to end gravel deficits below damslocal counties and the aggregate resource industry
and mining operations; prioritize for correctionto relocate gravel extraction operations to areasexisting streams with major deficit problems and

outside the active stream channel.initiate action on at least 10 streams.

Three actions to reducing the adverse effects ofP~u~TiON/U_E: One of the major negative effects
gravel mining include the following:

of dams is the capture of coarse sediments that
naturally would pass on to downstream areas. As̄ Promote alternative gravel sources. ERPP
a result, the downstream reaches can become recommends providing education and othersediment starved, producing "armoring" of incentives to encourage counties and mining
streambeds in many (but not all) rivers to the point companies to seek new off-channel sources of
where they provide greatly reduced habitat for fish aggregates, including high terraces outside the
and aquatic organisms and are largely unsuitable active floodplain, recycled concrete, crushed
for spawning salmon and other anadromous fish. cobbles from old abandoned dredge spoils,
This objective can be accomplished by a wide and deep pit mines away from river migration
variety of means, but most obviously through corridors. New permits for these aggregate
artificial importation of gravel and sand. Other sources can be issued in exchange for phasing
possible actions include: (1) explore the feasibility
of passing sediment through small reservoirs; (2)

out instream mines.

remove nonessential or low-value dams; (3)
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I ¯ Limit the extent of disturbance at instream production ofanadromous fish in the Central
mines. If alternative sources of aggregate are Valley of California. U. S. Fish and Wildlife

I not a viable short-term solution, permits Service, May30, 1997. 112 p.
should require an undisturbed corridor of
riparian vegetation and natural bar deposits

I adjacent to existing mines. In addition,
extraction rates should be limited to the
estimated yield from upstream each year. This

I rate will vary annually and must be verified
by aerial topographic analysis or field surveys
at permanent transects.

I ¯ Prevent or reduce the effects of pit capture.
Deep pits should be adequately separated
from the channel and measures should beI taken to ensure that bank material and
vegetation will resist channel migration in the
direction of the pits. Alternatively, permitsI should that inchannel be filledrequire pits
with overburden to the elevation of the
channelbed.

!
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e INVASlVE AQUATIC PLANTS

,/~ , STRESSOR DESCRIPTION

~~~ Lacking the controls found in their native habitat
"~~~_._,~ -f. ~-~-: ~ (e.g., specific insects for which they are a food

~~ ~ source or toxins produced by competing plants),

~~//~"~.~ i~:
these plants can flourish in a new landscape,

~~~

gaining a competitive advantage over the native
species. Many weeds have evolved characteristics

~~ ~ ’/’~-~~ that make them extraordinarily competitive in both

~,. ~ natural and introduced environments, such as high
’_... seed production; mechanisms for effective seed

dispersal; rapid growth rate; and adaptability to
extremes in temperature, nutrients, and water
availability.

A species is considered a weed problem because
of its ability to adversely affect natural commun-

I NTRODUCTION ities or human land use requirements. Introduced
or native aquatic plant species are considered

Weeds, or invasive plant species, are types ofharmful when they reduce the biological diversity
vegetation capable of exploiting opportunitiesof existing natural communities by displacing
afforded by natural or human-related disturbancesnative species or altering ecosystem processes
in the landscape, as well as those provided bysuch as nutrient cycling, hydrologic conditions, or
relatively undisturbed habitats. Although not allwater chemistry. They create problems for human
weeds are non-native, most society they impair agricultural or aqua-havebeenintroduced when
from other parts of the world, cultural productivity, constrict waterways, dimin-

ish recreation and aesthetic values, or destroy
Invasive aquatic plants have become sufficientlystructures.
established in some locations to threaten the health
of the Bay-Delta ecosystem. The aquatic plantsMost aquatic weeds were introduced to California
that the greatest threats to aquatic ecosystemswaterways unintentionally. They were brought inpose
are those that directly or indirectly affect rareas pond ornamentals (e.g., water hyacinth) and
native species, decrease foodweb productivity,aquarium plants (e.g., hydrilla), or through
and reduce populations of desired fish and wildlifedispersal by boats. Aquatic weeds have been here
species, for at least 100 years; water hyacinth was

discovered in a Yolo County slough in 1904.
Factors that relate to the degree of influenceHydrilla, which was probably introduced through
invasive aquatic plants have on the Bay-Deltaits use as an aquarium plant, has been in
include additional introductions from ship ballastCalifornia for at least 20 years. Egeria, still a
and other sources and local water quality andpopular aquarium plant, has been in the ecosystem
hydrologic conditions that favor theirfor over 30 years.
establishment.

Most aquatic weeds pose a threat to the aquatic
foodweb and rare aquatic or riparian species
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because they form dense mats that block sunlightability to displace native plant species, harm fish
or deplete oxygen supplies. The sheer mass ofand wildlife, reduce foodweb productivity, or
floating tissue can also impede navigation andinterfere with water conveyance and flood control
damage w.ater control structures. Establishment ofsystems.
invasive aquatic plants can harm or kill rare and
valued fish, native plants, and other aquaticI=GERIA (Egeria densa; syn: Elodea densa): A
organisms; reduce biodiversity; impede navi-native of South America, egeria is a popular
gation; damage water control structures; andaquarium plank which most likely accounts for its
increase mosquito habitat, introduction into California waterways. It is a

submerged, rooted perennial that occupies the
Many stream and river channels in the Delta andsame littoral zone niche in slow-moving water as
the Sacramento and San Joaquin Rivers and theirnative pondweeds, thereby potentially excluding
tributaries have been channelized, confined bythe pondweeds and reducing the habitat value for

levees, impounded, and otherwise altered fromwaterfowl that eat pondweeds. Egeria creates a
their shapes of 150 years ago. With thestructure having much more branching than
conversion of adjacent riparian communities topondweeds. It forms dense mats that block
other land uses, the ecosystem processes andsunlight and reduce the amount of open water,
functions have changed substantially. Theseleading to increased accretion of organic material
changes stress native aquatic flora and fauna,and increased sedimentation. The dense mat
leading to changes in species composition andstructures may impede diving waterfowl from
population densities, and perhaps making theforaging, and the increased sedimentation may
aquaticfoodweb more vulnerable to further alter the population of benthic species and their
stressors, predators.

Most weeds that infest the Delta and theEgeria has been in the Delta for perhaps 30 years
Sacramento and San Joaquin Rivers and theiror more but probably was not a major problem
tributaries are problems in specific locations, notuntil the past 12 years, coinciding with the water
throughout these waterways; however, locationshyacinth control program. Removing water
of aquatic weeds have not been comprehensivelyhyacinth from waterways and a 6-year drought
mapped. The CaliforniaDepartmentofFoodandmay have contributed to the expansion of
Agriculture’s Integrated Pest Control Branchcoverage by egeria (Anderson pers. comm.).
records locations where aquatic weeds, such as
hydrilla, pose a threat to agriculture. Locations ofEgeria currently infests approximately 3,000
weeds that threaten natural areas are not recorded,acres, primarily in the Delta. The success of this
Comprehensive mapping throughout the ERPPinfestation in the Delta is indicative of the greater
study area is needed for all weeds that threatensuccess that hydrilla would have if it were not
aquatic habitat as a first step to monitoring andprevented from establishing there. Hydrilla,
controlling infestations, unlike egeria, has long-lived rhizomes, making it

much more difficult to control. Egeria is listed as
Some non-native aquatic weeds that pose the mosta "B"-rated noxious weed by the California
serious threats and need further research,Department of Food and Agriculture’s Noxious
monitoring and mapping, or control are egeria,Weed Program. This designation does not
hydrilla, water hyacinth, water pennywort,mandate its control and, because the species is so
eurasian watermilfoil and parrot feather. Each ofwidespread, little attention has been paid to
these is described below. These weeds flourish incontrolling it. Now that growing populations are
a wide geographic area, sometimes in high densi-increasingly obstructing water conveyance
ties, and are extremely dangerous because of theirstructures and natural wetlands, the California
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I Department of Boating and Waterways is givenbackwater areas, ditches, sloughs, and waterways.
$500,000 per year to control egeria along with It grows rapidly in the summer, floating and

I water hyacinth (Anderson pers. comm.),spreading by means of buoyant stolons and seed.
Retuming nativepondweeds to an egeria-infestedWater hyacinth was introduced to the United
site would probably require active restoration onceStates in 1884 when it was given to visitors as

I the egeria is removed, souvenirs at the Cotton States Exposition. Water
hyacinth was first reported in California in a Yolo

HVDRILLA (Hydrilla verticillata): A submergedCounty slough in 1904. Today, it is a serious pest

I perennial, hydrilla was introduced to North in the Delta, the Sacramento and San Joaquin
American waterways sometime after 1956 throughRivers, and many sloughs and tributaries, where it
its use as an aquarium plant. It has since spreadclogs waterways, obstructs commercial and

i throughout the country, infesting waterways,recreational navigation, and impedes water
irrigation canals, lakes, and ponds. It canconveyance.
completely fill and clog waterways, restricting

i flow, increasing sedimentation, and hinderingWater hyacinth is also a serious problem for the
navigation and public water use. Like egeria,pumping and fish-screening facilities in the south
hydrilla forms dense mats that block light, depleteDelta. Forming a dense cover over the water
oxygen, and increase sedimentation and organicsurface, it blocks sunlight, reduces water flow,

I deposition. In slow-moving water and oxbows, depletes oxygen, and inhibits gaseous interchange
hydrilla can deplete oxygen and resources to thewith the air, all of which harm other aquatic
point of causing fish kills. Unlike egeria,organisms. Water hyacinth increases mosquitoI however, forms rhizomes that live 5-7 habitat by larval sites wherehydrilla providing breeding
years and from which new plants can grow.mosquito predators cannot reach. In backwater
Because of the persistence of rhizome viability,areas, dense concentrations of water hyacinth can

I hydrilla will be much more difficult to remove increase fish mortality. It also increases sedimen-
from the Delta, if it establishes there, than egeria,tation and the accretion of organic matter. Water

hyacinth reportedly competes with Mason’s

I Hydrilla is an "A"-rated weed in the California lilaeopsis (Lilaeopsis masonii), an endangered
Department of Food and Agriculture’s Noxiousfreshwater emergent plant native to California
Weed Program. This designation means that the(Van Ways pers. comm.).

I plant poses a serious problem to agriculture but
may be contained through control efforts. SinceIn 1982, the California Department of Boating and
1976, when it was first noticed, the CaliforniaWaterways formed a task force to begin

I Department of Food and Agriculture has spentcontrolling water hyacinth, testing different
$20 million to eradicate hydrilla (California Exotic mechanical and herbicidal control methods. In
Pest Plant Council Biocontrol Committee 1995). 1996, the department spent $900,000 to treat

I Hydrilla has been found in 17 counties in1,750 acres of water hyacinth, mostly in the
California and has been eradicated from ninecentral and southern Delta (Van Ways pers.
counties. Thus far, it has been prevented fromcomm.). Some control efforts involve aerial

I establishing in the Delta. An example of itsspraying of herbicides, but in many areas
invasiveness can be seen in Clear Lake in northernherbicides must be applied from boats. Since
California, where it now covers about 650 acres ofwater hyacinth control began, egeria populations

I the lake’s 43,000-acre surface area. have expanded. Egeria clogs boat propellers
quickly and has made continued control of water

WATER HYACINTH (Eichhornia crassipes): A hyacinth much more difficult. As a result, the

I floating perennial, water hyacinth is native todepartment has now been given approval and
South America.It infests streams, ponds, funding to control both egeria and water hyacinth.
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WATER PENNYWORT (Hydrocotyle umbellata): | SSU ES AN D
A perennial native plant, water pennywort grows
along streambanks and in ponds, canals, and OPPORTUNITIES
marshy areas. It forms stems that float and creep
along wet soil. Although it takes root, plants alsoDevelop means to control invasive aquatic plants
break offand form dense, floating raftsthatdrift,in the Delta. Invasive plants, such as water
These rafts can cause some of the same problemshyacinth and Egeria densa (Brazilian water weed),
seen with water hyacinth. Since water hyacinthare clogging many sloughs and waterways of the
has been controlled, the pennywort population hasDelta, not only impeding boat traffic, but also
increased and become a weed problem in somecreating environments that are unfavorable for
areas. (Anderson pers. comm.), native fishes. The California Department of

Boating and Waterways has an Egeria control
EURASIAN WA’rERMILFOIL (Myriophyllum program, but has not yet received CEQA approval
spicatum)and PARROTFE~’rHER(Myriophyllum for use of chemical controls. There is an
aquaticum): Both Eurasian watermilfoil and immediate need to develop ways by which to
parroffeather are submerged perennials. Eurasiancontrol these plants that are not, in themselves,
watermilfoil, as its name suggests, is native toenvironmentally harmful. An opportunity exists
Eurasia; parrotfeather is native to South America.for the ERP to join forces implementing ambitious
Parrot-feather is sold in nurseries for aquariumseradication and control measures with agencies,
and backyard ponds. Eurasian milfoil is muchorganizations, and water districts concerned with
more abundant statewide than parrot-feather;the deleterious effects of these water weeds on
however, no comprehensive have navigation in the Delta, clogging of water intakessurveys

measured the extent of these two weeds. Becauseand fish screens, and diminished recreational uses
Eurasian milfoil has not created a specific problem(Strategic Plan 1999).
for agriculture, it has not been targeted for control.
An example of a Eurasian milfoil infestation is in VISION
Lake Tahoe, where it covers about 200 surface
acres,mostlyin themarinaarea. Parrotfeatheris The vision for invasive aquatic plants is to reduce
found in seasonally wet streams, small lakes, andtheir adverse effects on native species and ecolog-
flood control channels. An example of itsical processes, water quality and conveyance
infestation is found in Parks Lake on Beale Airsystems, and major rivers and their tributaries.
Force Base.

Active management of Delta streams and rivers is
Like hydrilla and egeria, both of these plantsnecessary to reduce the surface area of channels
occupy areas where native pondweeds wouldand sloughs in the Delta that are covered by water
grow. Eurasian milfoil grows mostly submerged,hyacinth and other invasive aquatic plant species.
whereas parrotfeather extends above the water.To effectively control aquatic weeds, existing
The growth form of parrotfeather results inprograms will need to be expanded and funded or
substantial increases in mosquito habitat.new programs created. Currently, locations for
Although both plants may present problems, theyhydrilla and noxious weeds that pose a threat to
can be beneficial to aquatic habitat as well.agriculture are reported as part of the California
Parrotfeather is thought to provide cover forDepartment ofFoodandAgriculture’slntegrated
aquatic organisms, and Eurasian milfoil stems andPest Control Program; however, weeds posing a
fruits are eaten by waterfowl (Westerdahl andthreat to natural habitats are not mapped. An
Getsinger 1988). improved mapping and monitoring program that

efficiently maps and monitors all targeted weeds
will aid in their control, especially for rapidly
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I spreading species. Such a program will also helprequire mandated control of them, and the
to assess changes in the population levels and thedecision to control them is left to the county

I effectiveness of control programs. Expandingagricultural commissioners; "C" weeds are so
California’s noxious weed program to includewidespread that the agency does not endorse
weeds that pose a threat to native species orState- or county-funded eradication or control

I habitats would also aid in building an effectiveefforts except in nurseries and seed lots.
long-term aquatic weed control program.

Of the weeds described in this vision statement,

i To facilitate effective control programs for theseonly hydrilla is listed as a noxious weed. With
species, all groups involved must coordinate withfunding, the California Department of Food and
one another to control and restore habitat in DeltaAgriculture’s Integrated Pest Control Branch

I waterways. A coordinated approach to eliminatecould be expanded to include weeds that adversely
all damaging weeds, rather than only selectedaffect natural areas and their existing
weed species, can reduce instances where oneinfrastructure and the expertise of that branch
weed infestation replaces another, as exemplifiedcould be used to track, map, and control weeds

I by the increases in egeria and pennywortthat pose problems in natural areas.
populations following efforts to control water
hyacinth. In addition, regulatory agencies andTwo recently announced programs or policy

I those to control have beneficial effectthe visionobligated implement programs changesmay a on

must coordinate their efforts to plan andfor controlling invasive non-native aquatic and
implement those programs that are appropriate toriparian weeds. The first is a new weed policyI meet the specific needs of each site. Because thedeveloped by the U.S. Department of
ecological, recreational, water quality, waterAgriculture’s Animal and Plant Health Inspection
conveyance, and commercial needs vary at eachService (APHIS) that regulates not only weeds

I site, a general control strategy or regulatory policythat threaten agricultural or managed areas, but
is not possible. The specific needs of a site mustthose affecting natural areas as well. This
be assessed and the costs and risks of differentprogram will use a risk assessment to identify

I control strategies must be compared to determineweeds federally listed as noxious. Among other
the most appropriate strategy for each site. As aaspects of the new policy, APHIS will have a
result, some sites will require more restrictiveregulatory role, detecting, assessing, and contain-

I strategies than others, ing incipient infestations. The policy states that
APH/S will act in a federal coordination role to

~ II | NTEGRATION WITH facilitate communication and cooperation among
relevant public agencies and others (Westbrooks

OTHER RESTORATION 1995).
PROGRAMS

I The second new approach was formed through a

The California Department of Food andMemorandum of Understanding (MOU) signed in

Agriculture’s Integrated Pest Control Branch1994 by 17 land-holding federal agencies. The

I tracks and controls federally listed noxious weedsFederal Interagency Committee for Management

throughout the State. These are weeds that haveof Noxious and Exotic Weeds was formed, under

an impact on agriculture, although most of thethe MOU, to enable the signing agencies to

I current infestations are restricted to natural andcooperatively manage noxious and non-native

uncultivated areas. Listed weeds are given a letterweeds on federal lands and to provide technical

designation: "A" weeds are tracked and targetedassistance on private land to achieve sustainable,

I for control or eradication wherever they are found;healthy ecosystems that meet the needs of the

"B" weeds are considered too widespread tosociety(Jackson 1995).
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Many other organizations have weed issues in the and local parks departments,
Delta, all with different roles, interests, and
expertise. Implementing the ERPP vision requires̄ Animal and Plant Health Inspection Service,
a coordinated effort among these groups to
develop and implement weed management̄ U.S. Army Corps of Engineers,
programs and strategies that will help meet
ERPP’s goals for the various resources and̄ U.S. National Resources Conservation
ecological management zones. Services,

¯ The U.S. Department of Agriculture - ¯ Center for Natural Lands Management,
Agricultural Research Service Aquatic Weed
Control Research Laboratory in the ¯ resource conservation districts, mosquito
Department of Vegetable Crops at the abatement districts, flood controi districts,
University of California at Davis conducts
ongoing research on aquatic weed control. ¯ California Association of Nurserymen,

¯ The California Weed Science Society is a 50- ¯ local land trusts,
year-old organization serving the weed
science community. ¯ and private landowners.

¯ The California Exotic Pest Plant Council is a LINKAGE WITH OTHER
nonprofit organization that focuses on issues
regarding non-native pests and their control ECOSYSTEM ELEMENTS
and educates the public on these issues.

Invasive aquatic plants adversely influence other
¯ The U.S. Environmental Protection Agency, ecosystem elements including ecological

U.S. Fish and Wildlife Service, U.S. Bureau processes, habitats, and species. For example,
of Reclamation, California Department ofintroduced species have out competed and
Fish and Game, State Water Resourcesdisplaced many nativespecies. The proliferation
Control Board, Central Valley Regional Water of exotic plants has impaired the proper
Quality Control Board, California Department functioning of fish protective devices such as fish
of Food and Agriculture, and California screens and fish louvers in the Delta.
Department of Health Services have
regulatory or programmatic roles pertaining to
aquatic weed control in the Delta and the
Sacramento and San Joaquin Rivers and their
tributaries.

In addition to these, several public and private
groups deal directly or indirectly with aquatic
weeds in the Delta. Among them are:

¯ California Native Plant Society,
I

¯ The Nature Conservancy,

¯ the State and national parks systems, county I
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I
I            STRATEGIC OBJECTIVE.         not available to aquarists and that new organisms

are not brought in as "hitch-hikers" in shipments

i TARGETS, AN D of aquarium fishes. There is also a need to better

PROGRAMMATIC educate the public on the adverse impacts of
invasive species and the need to not release

ACTIONS aquatic pets into natural environments. A good
I model for this could be the program now in place

Two Strategic Objectives address invasive aquaticin Hawaii, which (among other things) has a big

I plants. public education component and requires all
~ ~ aquarium stores to have a special tank into which~

~c Objective is people can release unwanted aquatic organisms.

I ~ to halt the introduction of

I~ invasive    aquatic and STAGE 1 EXPECTATIONS: Species in the
~_ terrestrial plants into Central aquarium and pet trades will have been identified

i California. and evaluated for their ability to establish
populations in the Bay-Delta system. With the
cooperation of the aquarium/pet industry and

LONG-TERM OBJECTIVE." Halt the release and affected interests, a plan will have been developedI spread of aquarium organisms, exotic plants andand instituted andto greatlyreduce, eventually
aquatic pets in the Bay-Delta Watershed.             eliminate, the introduction of unwanted aquatic

I SHORT-TERM OBJECTIVE: Develop and
organisms from these sources into natural waters.

institute strategies, working with the aquarium
~

~
industry and interests representing the The seco~

I environment and other sectors that may be Objective is to develop
affected by such introductions, to halt the focused control efforts on
introduction and spread of non-native species and those introduced species

i exotic plants from the aquarium and pet trades, where control is most feasible
and of greatest benefit, including

P~TIONAI.E: Many kinds of aquatic organisms eradication where scientifically justified
are sold in aquarium and pet stores. It is likely thatand technically feasible.I some species of nuisance aquatic plants (e.g.,
Hydrilla) became established through aquaristsLONG-TERM OBJECTIVE." Eliminate, or

i dumping them in local waterways. Non-nativecontrol to a level of little significance, all
turtles originating in pet stores are frequentlyundesirable non-native species, where feasible.
present in ponds and have the potential to displace
and spread diseases to native pond turtles.SHORT-TERM OBJECTIVE: Eradicate or

many contain those species for which this can readily beAlthough organismssold aquariumstores

are tropical and unlikely to survive in Centraldone, gaining thereby the largest benefit for the
California (with some surprising exceptions), theleast economic and environmental cost; and to

monitor for the arrival of new invasive speciesindustryisconstantlysearchingfor andbringing
in new species from a variety of habitats. Asand, where feasible, respond quickly to eradicate
indicated in the ballast water rationale, newthem.I species can have unexpected and sometimes
large-scale negative impacts on aquaticRA’nO~d.~: Non-native species are now part of
ecosystems and can make restoration much moremost aquatic, riparian, and terrestrial ecosystemsi expensive and difficult. There clearly is a need toin California. In control is eithermost instances,
make sure that potentially harmful organisms are
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not possible or not desirable. However, in some20 years without spreading, so it has not generated
instances, control of invasive species is needed toconcern. However, in other parts of the world it
protect the remaining native elements or tohas also sometimes sat around for a few decades
support human uses. Four factors should bewithout doing much of anything, then suddenly
considered in focusing control efforts. First, antaken off and taken over entire estuaries in a few
introduced species is often not recognized as ayears. In San Francisco Bay, it is known from one
problem by society until it has become widespreadsite only, where it was planted, and where it exists
and abundant. At that point, control efforts arein a single patch. It could readily be eradicated.
likely to be difficult, expensive, and relatively
ineffective, while producing substantialAn example of an abundant species needing
environmental side effects or risks, includingimmediate attention is the water weed Egeria
public health risks. Second, some organisms, bydensa. This plant has been spreading rapidly
nature or circumstance, are more susceptible tothrough the Delta, where it clogs sloughs and
control than others. Rooted plants are in generalchannels with its dense growth, creating problems
more controllable than mobile animals, andfor navigation. From a biological perspective, it is
organisms restricted to smaller, isolated waterundesirable because E. densa beds appear to
bodies are in general more controllable thanexclude native fishes and favor introduced
organisms free to roam throughout large,species.
hydrologically connected systems. Third, although
biological control is conceptually very appealing,STAGE "1 ,~XPEeTAT=ONS: An assessment will
it is rarely successful and always carries some riskbe completed of existing introductions to identify
of unexpected side effects, suchas an introducedthose with the greatest potential for containment
control agent "controlling" desirable nativeor eradication, and consider this in prioritizing
species. And fourth, physical or chemical controlcontrol efforts. A program will have been
methods used in maintenance control rather thanimplemented to monitor for, and respond quickly
eradication require an indefinite commitment toto contain and eradicate new invasions, where this
ongoing environmental disturbance, expense, andis possible. A mechanism whereby new invasions
possibly public health risks. Overall, the mostcan be dealt with quickly and effectively will have
efficient, cost-effective, and environmentallybeen developed an implemented.
beneficial control programs may be those that
target the most susceptible species, and speciesA comprehensive strategy to reduce invasive
that are not yet widespread and abundant. Thisaquatic plants and their adverse effects on the
suggests a need to (1) assess the array ofBay-Delta ecosystem would include the following
introduced species and focus on those that areitems.
most amenable to containment and eradication,
rather than focusing just on those that arē Assess aquatic weeds for their level of threat,
currently making headlines, and (2)responding their extent, and their potential to be
rapidly to eradicate new introductions rather than controlled in the long run.
waiting until they spread and become difficult or
impossible toeradicate. ¯ Assess potential weed control sites to

determine how effective control efforts will be
An example of a "rare" introduced species needing in improving habitat quality, the longevity of
eradication that is not being dealt with is English results, and the sites’ likelihood of providing
cordgrass in the Bay. It has been described by the types of habitats and habitat characteristics
some scientists as the most aggressive and proposed for restoration.
invasive salt marsh plant in the world. It has been
in the Bay, its only known California location, for ¯ Develop and implement management plans to

¯
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achieve specific targets for each weed and Cal EPPC News. California Exotic Pest Plant
site. Council.

¯ Implement habitat restoration (e.g., plantingStrategic Plan for Ecosystem Restoration. 1999.
native pondweeds and other desirable aquatic Appendix to the CALFED Bay-Delta Program
and emergent wetland plants) concurrent with Environmental Impact Statement
or following implementation of control /Environmental Impact Report. June 1999.
measures, where appropriate.

Westbrooks, R. G. 1995. Federal regulatory
¯ Eradicate water hyacinth from major efforts to minimize the introduction and

tributaries and marinas, locks, important impacts of exotic pest plants in the United
wetland areas, and wildlife refuges in the States. Abstracts oftheCaliforniaExotic Pest
Sacramento-San Joaquin Delta Ecological Plant Symposium ’95. Cal EPPC News.
Zone. California Exotic Pest Plant Council.

¯ Elsewhere, reduce the biomass of infestedWesterdahl, H. E., and K. D. Getsinger (eds.).
acreage to a lower maintenance level than of 1988. Aquatic plant identification and
the present summer cover. This goal would herbicide use guide. Volume II: Aquatic
be approached beginning in the tributaries plants and susceptibility to .herbicides.
entering the Delta, and aiming for total November. (TechnicalReportA-88-9.)U.S.
eradication there; then water hyacinth will be Army Corps of Engineers. Washington, DC.
contained maintenance levels inat upstream
locations. PI=RSONAL

expertise, serve as a COMMUNICATIONSProvide technical
clearinghouse for regional information and
project results, and assist with implementationAnderson, Lars. Research leader. U.S.

of high-priority local projects in specific
Department of Agriculture - Agricultural

ecological units or zones to increase the Research Service Aquatic Weed Control

effectiveness of existing public and private Research Laboratory, Department of

programs to reduce the threat of invasive
Vegetable Crops, University of California,
Davis, Davis, CA. February 2, 1997 -species,
telephone conversation.

Van Ways, Valerie. Supervisor. Aquatic WeedREFERENCES
Program, Califomia Department of Boating

California Exotic Pest Plant Council Biocontrol and Waterways. October 3, 1996 - telephone
Committee. 1995. control ofBiological conversation.
invasive exotic pest plant species - a report on
the importance of maintaining and enhancing

nation’s biological control capabilities.our
Cal EPPC News. California Exotic Pest Plant
Council.

Jackson, N. 1995. Update: Federal Interagency
Committee for Management of Noxious and
Exotic Weeds (FICMNEW). Abstracts of the
California Exotic Pest Plant Symposium ’95.
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[̄] ¯ INVASlVE AQUATIC ORGANISMS

species, some of which have declined
precipitously or even become extinct because of

i predation and competition from non-natives.
Some introduced species are nuisances because
they attach to boat hulls, bore into dock pilings,

Northern Pike clog drainage pipes, tunnel into levees, or
compete with or prey on valuable native species.

~
Many non-native species, however, perform vital

- , ~ _~ ecological functions such as serving as primaryI consumers of organic matter, or as a food source
for Bay-Delta fish, shorebird, waterfowl, and
other wildlife have invaded populations, the Many non-native
species Bay-Delta successfully

Asian Clams by filling new habitat niches that previously did
not exist. Restoration of natural habitats with more

I natural flow regimes and hydraulic conditions
throughout the Bay-Delta will hopefully favor

INTRODUCTION native species. Continued study of the effects of

I non-native species on the abundance and
Most of the clams, worms and other bottom- distribution of native species and on the rest of the
dwelling invertebrates presently inhabiting theBay-Delta ecosystem will be part of the adaptive

I Bay-Delta are introduced from other estuaries,management program guiding these restoration
Non-native species also make up an increasingefforts.
proportion of the zooplankton and fish

I communities of the Bay-Delta. It is estimated that STRESSOR D ESCRI PTIONa new non-native species is identified in the Bay-
Delta every 15 weeks.

Invasive aquatic organisms are those non-native
I Many species were transported on the hulls offish and invertebrates that have invaded the Bay-

ships or in ship ballast water. Others arrived withDelta at the expense of native species. Non-native

the Atlantic or Japanese oysters purposelyaquatic invertebrates of the Bay-Delta include a
I introduced into the estuary earlier in this century, sponges, worms,widevarietyof coelenterates,

Many fish, including stripedbass, American shad,molluscs, and crustaceans. Most are bottom-

and largemouth bass, were introduced by federaldwelling organisms as adults, but some planktonic

I and State resource agencies to provide sportforms have also become well established,

fishing or forage fish to feed sport fish. Others,especially in the last few years. Most were

such as the northern pike, in a western Sierraintroduced accidentally from the hulls of ships

I passing through or abandoned or sunk in the Bay-reservoir, purposelyandillegallyintroduced.were
Delta, from the release of ship ballast water, and

Whether accidental or intentional, thefrom oysters (which usually contain dozens of

i introductions of these organisms have greatlynestling,symbioticand parasiticinvertebrates)

increased the species diversity of the Bay-Deltabrought in from Japan and the Atlantic coast for

aquatic community. However, this increase inaquacultural purposes.

has occurred the of nativediversity at expense
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The first recorded introduced species, the Atlantichealth is still not well understood, but is thought to
barnacle (Balanus improvisus) was observed inbe generally detrimental. This is especially true
1853, the single busiest year of clipper shipfor native species. On the positive side, Asian
landings of the Gold Rush era. Since then, manyclams may contribute to the foodweb as an impor-
species of non-native fish and invertebrates havetant food source for white sturgeon (Peterson
been introduced into the estuary. The success of.1997).
these introduced species is due in part to the
comparatively small number of native speciesThe zebra mussel, Dreissenapolymorpha, another
thought to have been present during aboriginalclam-like species many believe will soon invade
timesand in part to environmental modificationsthe Bay-Delta, poses a similar ominous threat.
to which non-native species were often
preadapted. The Asian clams came on the heels of another

clam invasion. Corbicula manillensis was also
The relatively low native-species diversity isintroduced from Asia. It was first described in the
thought to be a result of the relatively young ageDelta in 1946. This clam does not tolerate saline
of the Bay-Delta estuary and its isolation fromwaters. It is now very abundant in freshwater
other Pacific Coast estuarine systems (Carltonportions-of the Delta and in the lower mainstem
1979). Important environmental changes that mostrivers adjacent to the Delta.
likely decreased native species’ ability to compete
with non-native species include changes in Bay-Another relatively new arrival to the Bay-Delta is
Delta morphometry, vegetation, hydraulics, andanother species from the Orient, the Chinese
the amount and timing of Delta outflow, mitten crab (Eriocheir sinensis). This crab spends

most of its life in fresh water and migrates
It is not clear to what extent the decline indownstream to spawn in salt water. Mitten crabs
abundance of some native species is a result ofwere first captured in south-Bay shrimp trawls in
environmental changes or to interactions with1993. Their distribution and abundance have
non-native species. It is known, however, thatincreased every year since then (Hieb 1997).
non-native species now figure prominently in theAlthough these crabs may have an adverse effect
diets of fish species, shorebird and invertebrate-on the red swamp crayfish (another non-native
eating waterfowl, and other wildlife species. Mostspecies), its greatest potential negative impact on
non-native fish and invertebrates perform a vitalthe Bay-Delta may be its effect on levees. Mitten
role in the Bay-Delta foodweb. Certain species, crabs dig burrows in clay-rich soils where banks
however, have become so abundant in some areasare steep and lined with vegetation. These burrows
or have been shown to exert a negative effect onaccelerate bank erosion and slumping and, over
ecosystem health or economics in other areas thattime, may pose a serious threat to Delta levee
their mere presence in the Bay-Delta is a source ofintegrity. The crabs also interfere with bay shrimp
considerable concern, fishing by fouling nets.

The Asian clam, Potamocorbulaaraurensis, was Introduced zooplankton species have become
first observed in 1986 and has since becomeimportant elements of the Bay-Delta. Eurytemora
extremely abundant in the Bay and western Delta.affinis was probably introduced with striped bass
This species is well adapted to the Bay-Deltaaround 1880. Until recently, it was a dominant
saltwater conditions and exerts a heavy grazingcalanoid copepod of the entrapment zone. In the
loss on phytoplankton and zooplankton in the Bay.last decade, however, Eurytemora has been
Precisely how the Asian clam is affecting otherreplaced by two calanoid copepods introduced
benthic invertebrates, the zooplankton abundancefrom China. This replacement was a result, in part,
and composition, or the larval and young fish
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of Eurytemora’s greater vulnerability to Asian̄ develops a better understanding of how
Clam grazing, non-native species affect ecological processes

and biological interactions,
The native mysid shrimp, Neomysis mercedis,
began dwindling in abundance in the late 1970s̄ develops effective control and eradication
primarily as a result of the declining trophic status programs, and
of the Bay-Delta. Its population decline was also
affected by competition with Acanthomysis ¯ establishes habitat conditions that favor native
aspera, an introduced mysid ~hrimp of somewhat over non-native species.
smaller size but similar feeding habits.

DECLINE IN PRODUCTIVITY: Productivity at

i Although many non-native fish species have beenthe base of the foodweb has declined throughout
introduced to the Bay-Delta over the past century,the Delta and northern San Francisco Bay.
only a few have been considered invasive andAlthough some of this decline can be attributed to
requiring control. The most recent example is thethe introduced clam Potamocorbula amurensis, or
northern pike introduced into Davis Lake, a StateAsia clam, not all of the decline is explained. The
Water Projectreservoiron the Feather River. Two decline at the base of the foodweb has been
unconfirmed sightings of northern pike occurredaccompanied by declines in several (but not all)i in the Delta in early 1997. pike are species and trophic groups, including mysids andNorthern noted
predators and could, if allowed to establishlongfin smelt. The long-term implications of this
themselves, pose a significant threat to nativeseem to be a reduction in the capacity of the

I fishes, such as chinook salmon, steelhead, andsystem to support higher trophic levels. This
delta smelt. White bass were a similar threat in theimplies a limit on the extent to which Bay-Delta
1980s; however, a concerted effort ensured theyfish populations can be restored unless creative

I did not move from isolated southern San Joaquinsolutions can be found to increase foodweb
Valley reservoirs into the San Joaquin River. productivity (Strategic Plan 1999).

I ISSUES OPPORTUNITIES IN THE DELTA: Reduce theAND
introduction of ballast-water organisms from ships

OPPOFITUNITIES to 5% of 1998 levels. The shipping industry can

I be required to greatly reduce and eventually
INTRODUCED SPECIES: Introduced species have eliminate the introduction of organisms through
had a significant impact throughout the Bay-Deltaballast water using existing technology.

I ecosystem, and they can pose a significantSignificant progress could also be made in
impediment to achieving restoration objectives. Inreducing the introduction of non-native species
order to minimize the risk of potentially massivefrom other sources as well (goal 5, objectives 2-7).

i ecological and biological disruptions associatedThis is a preventative rather than a restorative
with non-native species-disruptions that couldactivity. Given the impacts that introduced
threaten to negate the benefits of restorationinvasive species have already had on the ecology

i efforts-it is important to initiate an early programof the Bay-Delta ecosystem, however, the
that: eventual elimination of all additional species

introductions is crucial to the ultimate success of
¯ prevents or significantly reduces additionalthe ERP (Strategic Plan 1999).

introductions of non-native species,
i:IESmna~CH: Initiate targeted research on major

i restoration issues, such as; (1) how to control
problem invasive species such as the Asia clam
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(Potamocorbula amurensis), which has a negativeorganisms resulting from changes in
effect on foodweb dynamics in the estuary; (2)environmental conditions.
factors limiting the abundance of high-priority
endangered species; and (3) design of habitats for

| NTEGRATION WITHshallow-water tidal marsh and bypasses.
Ultimately, the limited funds available for OTHER RESTORATION
restoration will be much more effectively spent if PROGRAMS
there is a clear understanding of the relative
seriousness of the diverse problems facing theEfforts to restore the natural environmental
estuarine and riverine ecosystems and of theconditions, trophic status and native invertebrate
ability to solve those problems. Where thecommunity of the Bay-Delta will involve the
research can be linked to pilot or large-scalecooperation and support of established programs
restoration projects, the benefits will be multipliedunderway to restore habitat and fish populations in
(Strategic Plan 1999). the basin.

VISION ¯ Restoration of the plankton food supply of
native fishes is a primary focus of the

The vision for invasive aquatic organisms is to Recovery Plan for the Sacramento/San
reduce their adverse effects on the foodweb and Joaquin Delta Native Fishes (U.S. Fish and
on native species resulting from competition for Wildlife Service 1995).
food and habitat and direct predation. This vision
can be accomplished through enforcement of Statē The Central Valley Project Improvement Act
laws regulating ballast waterdumping and other (CVPIA) calls for the doubling of the
measures designed to reduce the number of new, anadromous fish populations (including
potentially harmful species ¯introduced striped bass, salmon, steelhead, sturgeon, and
accidentally into the Bay-Delta estuary. Habitat American shad) by 2002, through changes in
changes or direct control measures may reduce flows and project facilities and operations.
their effects in specific cases. This program involves actions that may

directly or indirectly benefit native
The introduction of non-native species to the Bay- invertebrates of the Bay-Delta foodweb.
Delta has been a mixed blessing. Most have
successfully integrated into the Bay-Delta aquatic̄ The California Department of Fish and Game
community. Others, however, have hastened the is required under State legislation (The
extinction or greatly reduced the abundance of Salmon, Steelhead Trout, and Anadromous
native species or have become an economic Fisheries Program Act of 1988)to restore
nuisance. Once established, non-native species numbers of anadromous fish in the Central
cannot be effectively removed by harvesting or Valley. Actions include restoring the food
poisoning, except perhaps in small localized areas, supply of anadromous fish.

The only practical way to minimize the spread of̄ Efforts will be coordinated by the State Water
non-native species and promote the growth of Resources Control Board and Regional Water
native species is to restore the habitats to more Quality Control Boards to reduce the amount
natural conditions. Restoring more natural, native of toxic substances released into Central
aquatic communities should promote greater Valley waterways, which should help reduce
ecosystem stabilitybyreducingthelikelihoodof stresses on the native and non-native
catastrophic reductions in abundance of native invertebrate species.
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!
LI N KAGE WITH OTHER public health, decimated fisheries, and impeded or

blocked water deliveries. Substantial reductions in
ECOSYSTEM ELEMENTS         the number of organisms released via ballast water

achievable. Aroundtheare readily world,
Invasive aquatic organisms adversely influencerestrictions and regulationsgoverning

i other ecosystem elements including ecologicalmanagement of ballast water and other ballast
processes, habitats, and species. For example,materials are being promulgated to reduce the
introduced species have out competed andintroduction of non-native species by this means.

I displaced many native species. The proliferationStrict controls on ballast water exchange should be
of these exotic organisms has altered the Bay-enacted and enforced on shipping into San
Delta foodweb. Francisco Bay at the earliest possible time. If

i prevention cannot work, the shipping industry

STRATEGIC OBJECTIVE. must be made responsible for the damage caused
by ballast water organisms because such

TARGETS. AN D introductions must be regarded as deliberate and
I PROGRAMMATIC unauthorized, rather than "accidental".

ACTIONS STAGE 1 EXPECTATIONS’- Same as short-term
objectives. In addition, better mechanisms to treat

There are many Strategic Objectives related toballast water to eliminate unwanted organisms will
invasive aquatic organisms, have been developed. Baseline monitoring of the

~ organisms released in ballast water should be

~
~ immediately initiated so we can assess progress
to eliminate further and monitor compliance. Studies should be

I introductions of new species completed to investigate the ecological and
in ballast water of ships, economic impacts of introductions into the

toBay-Delta system demonstrate that strong

I action is warranted.LONG-TERM OBJECTIVE: Eliminate the
dumping of all organism-contaminated ballast
water and ballast sediment into the estuary.

~ ~ee ~
~

I Objective is to eliminate the
SHORT-TERM OBJECTIVE: Eliminate the k/~                use of imported marine baits.
dumping of all ballast sediment into the estuary.

I Reduce the amount of ship ballast water
contaminated with estuarine organisms from other

LONG-TERM    AND    SHORT-TERM

I
ports that is dumped into the estuary to 5% ofOBJECTIVE: Eliminate the use of imported live
1998 levels by the year 2005, and to 1% of 1998 non-native marine species for bait in San
levels by 2008.                                  Francisco Bay and elsewhere in California.

i P~TIONALE: The introduction of non-native RATIONALE: At the present time, polychaete
species in the ballast water of ships has made theworms are shipped live from New England and
estuary the most invaded estuary in the world; asoutheast Asia to the San Francisco Bay Area forI new species is being added about every 14 weeks,use as bait in marine sport fisheries. The New
The new species greatly increase the expense andEngland worms are packed in seaweed which
difficulty of restoring the estuary. A new invadercontains many non-native organisms, some ofi can effectively destroy the value of a restorationwhich have been established in San Francisco Bay
project. Aquatic invasions also have harmed

I ~ ~’r~.
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as a result. This is thus an example of smallreduce, and eventually eliminate, the introduction
activity that has the potential for large-scaleof unwanted bait organisms into naturalwaters.
economic damage (see ballast water rationale). It
should be banned by the Fish and Game The    fourth    Strategic
Commission and the baits replaced by local Objective is to halt the
organisms or by artificial bait.

~i, deliberate introduction and
spread of potentially

STAGE 1 EXPECTATIONS: The importation of harmful species of fish or
live marine baits and their associated shipping other aquatic organisms in
materials will have been banned, unless the the Bay-Delta and Central
industry can demonstrate that all the organisms Valley.
imported cannot become established in California.

LONG-TERM OBJECTIVE:    Prevent the

~.
The third Strategic Objective establishment through deliberate introductions of
is to halt the introduction of any additional fish species from outside the state
freshwater bait organisms or from other watersheds within the state, into
into the waters of Central Central California.
California.

SHORT-TERM OBJECTIVE:    Develop a
LONG-TERM OBJECTIVE: Halt the introduction program to educate the public (especially anglers)
ofadditional species ofbait organisms in the Bay-about the dangers of moving fish and other
Delta watershed and the further spread of speciesorganisms around.
already established.

RATION/M.E-" The California Department of
SHORT-TERM OBJECTIVE: Develop and Fish and Game has long had a policy of not
institute s~ategies, working with the bait industry,bringing new aquatic species into California to
the fishing community, and interests representingimprove fishing. However, illegal introductions
the environment and other sectors that may becontinue, such as that of northern pike into Davis
affected by such introductions, to halt theReservoir. If the highly predatory pike had
introduction and spread of organisms used as baitbecome established in Sacramento River and
in fresh andbrackishwater. Delta, it is quite likely it would have had

devastating impact on salmon and native fish
RATION/M.E-" Many kinds of aquatic organisms populations. There is a need to develop stronger
are used for bait. Bait fishes like the red shinerprevention strategies for illegal introductions. The
have been spreading rapidly and now dominateconflict that developed around the necessary
many streams, with unknown impacts on nativeelimination of pike from Davis Reservoir
fishes and on fisheries. They continue to be spreaddemonstrates the need for the development of
by anglers releasing unused bait. Other newbetter public understanding of the need to halt
organisms may be brought in as "hitch-hikers" ininvasions. Education is also needed to make the
shipments of bait fishes. There is also a need topoint that any movement of fish and aquatic
better educate the fishing public on the adverseorganisms by humans to new habitats is
impacts of invasive species, potentially harmful, even if the species is already

established nearby. Brook trout introduced i.nto a
STAGE 1 EXPECTATIONS-" Working with the fishless mountain lake, for example, can eliminate
bait industry and other interested parties, a planthe population of mountain yellow-legged frog
will have been developed and instituted to greatly
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I that lives there, pushing the species furthercrayfish and other shellfish that could compete
towards endangered species listing, with or prey on native California fish and aquatic

I organisms, and on sport and commercial fish in
STAGE 1 EXPECTATIONS-" An aggressive central Califomiawaters. Of greater concern is the
public information program should be developedpotential for the introduction of parasites and

I in regard to species introductions, diseases of commercial, recreational, and native
fish and shellfish. There are also many examples

The fifth Strategic Objective of such diseases introduced by aquaculture into

I is to halt the unauthorized various parts of the world, sometimes with

release of non-native devastating impact on commercially important

~_ _

introduced fish and other species.

I organisms from aquaculture
operations into California STAGE 1 EXPECTATIONS: An independent

waters, assessment of the pathways, risks and needed

i management of aquaculture introductions will
have been completed; management measures to

LONG-TERM OBJECTIVE." Halt the eliminate by-product introductions will have been
non-deliberate introduction into natural waters ofadopted and implemented.
aquatic organisms from aquaculture facilities that
is often a by-product of aquaculture operations.
Prevent the importation from other regions of The sixth Strategic Objective

i organisms from other regions into aquaculture~1~ is to halt the release and
facilities in the Bay-Delta system unless major

~                 spread of aquatic organismsquarantine regulations or facilities are in place, from the aquariumlpet trade
into the waters of Central

I SHOaT-TERM OBJECTIVE: Institute an California.
independent, scientific assessment of the pathways

I and risks of the introduction into the environmentLONG-TERM OBJECTIVE’- Halt the release and
of organisms imported from other regions byspread of aquarium organisms and aquatic pets in
aquaculture and of any changes needed inthe Bay-DeltaWatershed.

I California’s current management of the industry to
prevent such introductions. Develop and instituteSHOaT-TERM OBJECTIVE: Develop and
strategies, working with the aquaculture industryinstitute strategies, working with the aquarium

I and interests representing the environment andindustry and interests representing the
other sectors that may be affected by suchenvironment and other sectors that may be
introductions, to halt the introduction and spreadaffected by such introductions, to halt the

i of invasive or harmful non-native species viaintroduction and spread of non-native species
aquaculture, from the aquarium and pet trades.

i R~TIONALE-" Stocks of fishes and invertebrates RATIONALE: Many kinds of aquatic organisms
are imported from other regions for rearing inare sold in aquarium and pet stores. It is likely that
aquaculture facilities in the Bay-Delta system, andsome species of nuisance aquatic plants (e.g.,

i permits are occasionally approved to bring in new .Hydrilla) became established through aquarists
species for aquaculture. Numerous examples existdumping them in local waterways. Non-native
of organisms escaping from aquaculture facilitiesturtles originating in pet stores are frequently

i and becoming established outside of their range,present in ponds and have the potential to displace
These include, or potentially could include, fish,and spread diseases to native pond turtles.
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Although many organisms sold in aquarium storesSHORT-TERM OBJECTIVE: Eradicate or
are tropical and unlikely to survive in Centralcontain those species for which this can readily be
California (with some surprising exceptions), thedone, gaining thereby the largest benefit for the
industry is constantly searching for and bringingleast economic and environmental cost; and to
in new species from a variety of habitats. Asmonitor for the arrival of new invasive species
indicated in the ballast water rationale, newand, where feasible, respond quickly to eradicate
species can have unexpected and sometimesthem.
large-scale negative impacts on aquatic
ecosystems and can make restoration much moreRATIONALE: Non-native species are now part of
expensive and difficult. There clearly is a need tomost aquatic, riparian, and terrestrial ecosystems
make sure that potentially harmful organisms arein California. In most instances, control is either
not available to aquarists and that new organismsnot possible or not desirable. However, in some
are not brought in as "hitch-hikers" in shipmentsinstances, control of invasive species is needed to
of aquarium fishes. There is also a need to betterprotect the remaining native elements or to
educate the public on the adverse impacts ofsupport human uses. Four factors should be
invasive species and the need to not releaseconsidered in focusing control efforts. First, an
aquatic pets into natural environments. A goodintroduced species is often not recognized as a
model for this could be the program now in placeproblem by society until it has become widespread
in Hawaii, which (among other things) has a bigand abundant. At that point, control efforts are
public education component and requires alllikely to be difficult, expensive, and relatively
aquarium stores to have a special tank into whichineffective, while producing substantial
people can release unwanted aquatic organisms,environmental side effects or risks, including

public health risks. Second, some organisms, by
STAGE 1 ~XOEe’rA’rlONS: Species in the nature or circumstance, are more susceptible to
aquarium and pet trades will have been identifiedcontrol than others. Rooted plants are in general
and evaluated for their ability to establishmore controllable than mobile animals, and
populations in the Bay-Delta system. With theorganisms restricted to smaller, isolated water
cooperation of the aquarium/pet industry andbodies are in general more controllable than
affected interests, a plan will have been developedorganisms free to roam throughout large,
and instituted to greatly reduce, and eventuallyhydrologically connected systems. Third, although
eliminate, the introduction of unwanted aquaticbiological control is conceptually very appealing,
organisms from these sources into natural waters,it is rarely successful and always carries some risk

~ ~ of unexpected side effects, such as an introduced~
~

control agent "controlling" desirable native

~1~ Objective is to develop species. And fourth, physical or chemical control

,~ focused control efforts on methods used in maintenance control rathel~ than

~’ff~’~ those introduced species eradication require an indefinite commitment to

~ where control is most ongoing environmental disturbance, expense, and

feasible and of greatest possibly public health risks. Overall, the most

benefit, including eradication efficient, cost-effective, and environmentally

where scientifically justified beneficial control programs may be those that

and technically feasible, target the most susceptible species, and species
that are not yet widespread and abundant. This
suggests a need to (1) assess the array of

LONG-TERM OBJECTIVE." Eliminate, or introduced species and focus on those that are
control to a level of little significance, allmost amenable to containment and eradication,
undesirable non-nativespecies, where feasible, rather than focusing just on those that are

¯
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I currently making headlines, and (2)respondingActions that would help achieve this vision
rapidly to eradicate new introductions rather thaninclude more stringent enforcement of current

I waiting until they spread and become difficult orpolicies regarding the introduction of non-native
impossible to eradicate, species. These policies seek to prevent the

introduction of known noxious species and

i An example of a "rare" introduced species needingminimize the introduction of all other species. In
eradication that is not being dealt with is Englishaddition to prohibiting intentional introductions,
cordgrass in the Bay. It has been described byenforcing existing laws such as International

I some scientists as the most aggressive andMaritime Organization’s Guidelines will reduce
invasive salt marsh plant in the world. It has beenthe number of accidental introductions from ship
in the Bay, its only known California location, forballast water.
20 years without spreading, so it has not generatedi in other of the world itconcern.However, parts REFERENCES
has also sometimes sat around for a few decades

i without doing much of anything, then suddenlyCarlton, J. T. 1979. Introduced invertebrates of
taken off and taken over entire estuaries in a few San Francisco Bay. In: San Francisco Bay: .
years. In San Francisco Bay, it is known from one The Urbanized Estuary, T. J. Conomos (ed.).
site only, ~vhere it was planted, and where it exists Pacific Division, American Association forI in a single patch. It could readily be eradicated. theAdvancementof Science.SanFrancisco,

CA.
An example of an abundant species needing

i immediate attention is the water weed Egraria K. 1997. Chinese mitten crabs in the Delta.Hieb,
densa. This plant has been spreading rapidly In Vol. 10, No. 1. of Newsletter of the
through the Delta, where it clogs sloughs and Interagency Ecological Program for the

I channels with its dense growth, creating problems Sacramento-San Joaquin Estuary. California
for navigation. From a biological perspective, it is Department of Water Resources, Sacramento,
undesirable because E. densa beds appear to CA.

I exclude native fishes and favor introduced
species. Peterson, H. 1997. Clam-stuffed sturgeon. In Vol.

10, No. 1. of Newsletter of the Interagency

I STAGE 1 EXPECTATIONS: An assessment will Ecological Program for the Sacramento-San
be completed of existing introductions to identify Joaquin Estuary. California Department of
those with the greatest potential for containment Water Resources, Sacramento, CA.

I or eradication, and consider this in prioritizing
control efforts. A program will have been Strategic Plan f or Ecosystem Restoration. 1999.
implemented to monitor for, and respond quickly Appendix to the CALFED Bay-Delta Program

I to contain and eradicate new invasions, where this Environmental Impact Statement

is possible. A mechanism whereby new invasions /Environmental Impact Report. June 1999.

can be dealt with quickly and effectively will have
been developed an implemented. U.S. Fish and Wildlife Service. 1996. Recovery

Plan for the Sacramento-San Joaquin Delta
Native fishes. U.S. Fish and Wildlife Service.The general target for invasive aquatic organisms

is control and reduce the incidence of
Portland, OR.

I introductions and to implement control programs
or eradicate exotic species where possible.

!
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INVASlVE RIPARIAN AND MARSH PLANTS

in their native habitats, such as herbivory by
specific insects, weeds can flourish with fewer
constraints in a new landscape, quickly gaining a
competitive advantage over the native species.
Many weeds have also evolved characteristics that
make them extraordinarily competitive in both

and non-native environments.native These
specialized traits may include high seed
production, both sexual and asexual reproduction,

dispersal, a growth rate,severalmethodsof fast
and tolerance of a wide range of environmental
conditions such as extremes in temperature,
nutrients, and water availability.

A plant species becomes a weed problem when it
adversely affects natural communities or land

INTRODUCTION uses. Whether non-native or native, plant species
are considered harmful when they reduce the

Invasive riparian and marsh plants have becomebiological diversity of existing natural

sufficiently established in some locations tocommunities by displacing native species or

threaten the health of the Bay-Delta ecosystem,altering ecosystem processes such as nutrient

salt marsh that the cycling, hydrologic conditions, or the frequency ofTheriparianand plants pose
greatest threats to aquatic ecosystems are those thatfires. They are problems to human society when

directly or indirectly affect rare native species,they impair agricultural productivity, present fire

decrease foodweb productivity, and reducehazards, constrict waterways, diminish recreation

populations of desired fish and wildlife species, and aesthetic value, or destroy structures.

Factors that relate to the degree of influenceSince the f’trst non-native settlers, weeds have

invasive riparian and salt marsh plants have on thebeen introduced to California and many have
become established. There were at least 16 non-Bay-Delta include additional introductions from

gardens and other sources, and ground disturbancesnative plant species established by 1869, 292 by

and hydrologic regimes that create favorable1925, 797 by 1968, and 1,023 by 1993 (Barbour et

conditions for their establishment, al. 1993). Undoubtedly, non-native species
introductions will continue, and correspondingly,
add pressure on the native plant communities and

STRESSOR DESCRIPTION the wildlife that depend on them.

Weeds, or invasive plant species, are organismsMore than 90% of the State’s historic riparian
capable of invading relatively undisturbed habitatshabitat has been lost, primarily as a consequence
and exploiting opportunities provided by natural orof land being converted for agricultural uses
human-related disturbances in the landscape.(Barbour et al. 1993). What remains continues to
Although not all weeds are non-native, most havebe threatened, not only by further habitat conver-
been introduced from other parts of the world. Insions, but also by weeds. It is particularly import-

biological ant for the many endangered and threatenedtheabsenceof thenatural controlsfound
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species that weeds are controlled, particularly forriver channel areas, compared to a much wider
birds and fish that depend on native riparian plantdistribution over vast floodplains 150 years ago.
communities. With the conversion of riparian communities to

other land uses, broad outer bands of riparian
Many riparian infestations are from species, suchvegetation were lost or their extent greatly
as Pampas grass, that spread from gardens. Othersdiminished, like those dominated by sycamores.
were planted intentionally along engineered orToday, most watercourses are confined to
altered waterways for erosion control or in thenarrower channels with little room for changing
belief that native vegetation would be too vigorouspattems of braiding and migration. Inundation
and would clog waterways (Dawson 1984). Weedand sedimentation rates are altered from historical
infestations in riparian and salt marsh systems aretimes in river channels and are substantially
magnified by both alterations to the landscape andreduced in floodplain areas. In the Delta,
current land use patterns. Clearing land allowssedimentation is also altered with the erosion of
weeds that thrive in disturbed areas, such asislands.
ailanthus, to invade bare areas and move into
established forests. Overgrazing in riparian areasHabitat losses or alterations have resulted in a
can diminish recruitment of new native trees andpattern of habitat fragmentation. Riparian
shrubs directly and indirectly by contributing to thecommunities are often disconnected patches along
establishment of a dense understory of non-nativeriver channels, and salt marshes are either newly
vegetation that hinders native seedlingdeveloped from sediment deposition or smaller
establishment. Some orchards may be a source ofpatches of formerly great expanses. The alteration
riparianweed infestations, as may have happenedof ecosystem processes like sedimentation,
with the establishment ofCaliforniablack walnut,nutrient flow, fire, and hydrologic conditions,
used as rootstock in English walnut orchards, along with reduction in cover and native plant

community diversity, has resulted in degraded
Urban development adjacent to riparian areas canriparian or salt marsh habitat conditions. The
lead to infestations by ornamental garden plantsriparian or salt marsh community is then
such as German ivy, arundo or giant reed, elm,vulnerable to invasions by non-native species that
black locust, and edible fig. Increases in summerare better adapted to the altered conditions than
ground and surface water from irrigation can harmthe native vegetation.
some riparian vegetation, altering the species
composition. It can create conditions leading to aSpecies such as arundo and tamarisk are able to
higher rate of invasion by urban area weeds such asquickly exploit disturbed riparian sites. They, in
Bermuda grass that can compete with nativetum, alter the ecosystem processes further,
seedlings, thus affecting forest regeneration. Leftchanging the frequency of fires, increasing shade
alone, many weeds can take over part or all of theand sediment capture, armoring the streambed and
established riparian or salt marsh communities,banks, altering soil salinity (tamarisk), and
displacing the native vegetation and becoming themodifying the hydrologic patterns. The native
new climax successional species. Examplesspecies are not adapted to the new ecosystem
include arundo and tamarisk. Both wereprocesses, and the introduced weeds dominate the
intentionally introduced and now are widespreadsuccessional community.
weeds that have displaced extensive areas of native
riparian vegetation throughout the western UnitedWeeds that pose the greatest threats to riparian
States. and salt marsh areas are those that out compete

and exclude native vegetation and diminish habitat
Most Central Valley and Delta riparianvalue to wildlife and reduce biodiversity of native
communities are confined to lower floodplain and
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species. All weeds listed in the following sectionCamp Pendleton’s past program for clearing
have this potential, native vegetation to conserve water resulted in

I distributing arundo throughout the cleared area.
Numerous weeds threaten the establishment andWhen the program was halted, the arundo
succession of native riparian and salt marshpopulation continuedtoexpand(Reiger 1988).

I vegetation in the Delta and along the Sacramento
and San Joaquin Rivers and their tributaries. SomeThe effects of arundo’s ability to alter ecosystem
of the most invasive, listed below, include weedsprocesses may be profound. It is far more

I that are widespread, often extensive, and extremelysusceptible to fire than native riparian species.
dangerous because of their ability to dominateHowever, although it recovers from fires, most
riparian or salt marsh communities and affectnative vegetation does not, leading to increased

I ecosystem processes (arundo and tamarisk). Otherpostfire dominance by arundo. By increasing
invaders are trees or shrubs that now dominatesedimentation after establishing in stream
portions of riparian forests and can invade largerchannels, arundo stabilizes islands, hinders

I areas if not controlled (ailanthus, edible fig,braiding and shifting patterns in stream channel
northern California black walnut, eucalyptus, blackmovement, and prevents native stream channel
locust, and Russian olive). Additional examplesvegetation from establishing (Peterson pers.

I include some weeds that are primarily a problem incomm.). An example of this can be seen at Stony
a more restricted range or ecological zone typeCreek in northern California. Because arundo has
(perennial pepperweed, German ivy, cordgrass, anda vertical structure, it does not overhang water like
purple loosestrife), native riparian vegetation. The result is less shadeI over water, providing less cover, increased water
Both arundo and tamarisk are widespread weedstemperatures, and altered water chemistry, all
capable of causing enormous damage to Californiaconditions that can harm fish and other existingI riparian biological aquatic organisms ultimately changecommunities.They reduce and the
diversity, habitat value for wildlife, and ecosystemaquatic species composition
processes such as flooding patterns and~ fire

I frequency. By 1993, arundo accounted for as much as
50-60% of a 1,116-acre riparian community in the

I~ONDO (Arundo donax), also known as giant Riverside west quadrangle covering a portion of

I reed or false bamboo: Native to the Mediterraneanthe Santa Ana River in southern California
area, arundo was introduced to California in the(Douthit 1993). Because of this, it has been
late 1800s and used for erosion control alongimplicated in the reduction of rare native stream

I drainage canals. It continues to be sold and plantedfish populations in the Santa Ana River (Bell
as an ornamental. Arundo is a highly invasive1993). Some arundo populations have been
bamboo-like~ perennial grass that can form large,mapped in southern California (Douthit 1993), and

I fast-growing, monospecific stands that out competea population has been mapped along Stony Creek
and displace native riparian vegetation whilein northern California; however, no
restricting water flow, increasing sedimentation,comprehensive statewide mapping ofarundo has

I and forming large debris piles in streams andbeen conducted.    Therefore, an accurate
rivers. It is not considered to be of value to nativeassessment of the extent and rate of spread of the
wildlife. Arundo spreads by growing rhizomesweed is unknown. It is widespread throughout the

I (lateral roots) and disperses to new sites whenSacramento and San Joaquin River channels and
stems and rhizomes break off in floodwater andtheir tributaries, as well as throughout the Delta.
take root in moist streambed soils. Grading andMore survey mapping is needed to determine the
other construction activities can and have greatlyextent ofarundo, the levels of threat posed by the
increased areas occupied by arundo. For example,weed throughout the ERPP study area, how and
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when best to safely control it, and a prioritizedthe eastem United States in the late 1700s. By the
strategy for removing it. mid-1800s, it was commonly sold by nurseries as

a street and shade tree. It was introduced into
TAMARISK (Tamarix chinensis, T. ramossisima, California in the 1850s. Its horticultural popularity
T. pentandra), also known as salt cedar: Thisdeclined by the mid-1900s, and it became
woody shrub from Eurasia was introduced in thenaturalized in mostly ruderal areas, but is often
early 1800s as an omamental. It has since spreadpresent in riparian habitats as well, especially
or been introduced into nearly every drainagethose in agricultural or urban settings (Hunter
system in the southwestern United States. It1995). Although it may not be as aggressive an
occupies 1.5 million acres nationwide and 16,000invader as other riparian weeds, it has achieved
acres in Califomia. It can alter ecosystemlocal dominance in some sites, either displacing or
processes such as the frequency of fires andpreventing native riparian species from
hydrologic conditions of streams and groundwater,establishing. In agricultural settings, ailanthus
Tamarisk plants evapotmnspire larger quantities ofroots can disrupt the integrity of levees and
groundwater than do native plants, leading toirrigation canal banks.
reduced groundwater supplies. It traps more
sediment than native vegetation, leading to at=DIBLE RG (Ficus carica): Fig is a cultivated
reshaping of stream bottoms and altered floodingtree native to the Mediterranean area. Its seeds
pattern. It adds increased fuel loads to the riparianare dispersed by birds and other wildlife and by
community, which can result in more fires,floodwaters. Present inmanystreamsandrivers
Tamarisk tolerates fires;, native riparian speciesthroughout California, it tends to form a shady
generallydo not. The result of these ecosystemcanopy that can hinder seedling establishment by
process changes is the eventual exclusion ornative species. It also spreads vegetatively through
reduction in cover by native plant species andstump sprouting and where bent branches take
altered stream shapes and flooding patterns,root, thus forming thickets that exclude native
Studies have shown that bird usage is lower whenspecies. An example of the fig’s impacts may be
tamarisk, rather than native tree species, dominatesseen at both the Dye Creek and Cosumnes River
the riparian zone (Meents et al. 1984, AndersonPreserves in northern California, where active
and Ohmart 1984). management programs are in place to eradicate

the trees.
Tamarisk is widespread in California rivers;
however, an accurate assessment of the extent andNORTHERN CALIFORNIA BLACK WALNUT
rate of spread of the weed is unknown. Like(Juglans californica var. hindsiO: Historically, the
arundo, more survey mapping is needed tonative northern California black walnut was
determine the extent of tamarisk, the levels ofpresent only along the Sacramento River between
threat posed by the weed, the best time to safelyFreeport and Rio Vista (Fuller 1978). ~However,
control it, and a prioritized strategy for removing it.Skinner and Pavlik (1994) say it historically grew

in Contra Costa, Napa, Sacramento, Solano, and
Ailanthus, edible fig, northern California blackYolo Counties. It is a special-status species in its
walnut, eucalyptus, and black locust are examplesnative range; however, it (or a hybrid of it and the
of invasive trees or shrubs that have achieved localEnglish walnut, Juglans regia) is now common in
dominance in riparian forests in the ERPP studymany Central Valley, Delta, and Bay Area riparian
area. All have the potential for populationforests. The walnut’s widespread distribution may
expansions, be explained by its historical use as rootstock in

English walnut orchards and possibly by active
AILANTHUS (Ailanthus altissima), also known asspread by Native Americans. Along the mainstem
tree-of-heaven: Ailanthus was first introduced intoof the Sacramento River, there are dense areas of
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I northern Califomia black walnut saplingspose problems in a more restricted range or
established under the canopy of mature valley oaksecological zone type compared to the other listed

I and cottonwoods. Without active management,weeds.
these trees could eventually displace valley oaks
and cottonwoods in many areas. RUSSIAN OLIVE (Elaeagnus angustifolius):

I Russian olive is a cultivated shrub or tree, native
Euc,aa.v~’rus (Eucalyptus spp.): Eucalyptus treesto temperate Asia. It is not yet a significant
are native to Australia. They have been usedproblem but can become one if not controlled. It

I commercially as fuel wood and plantedis planted in landscaping and has been planted
horticulturally in urban settings. They areextensively in wind breaks. It spreads into
fast-growing and quickly form canopies that restrictriparian areas from seed and at maturity, crowds

i available light from slower-growing native species,out native species.
They also compete for water and form a large leaf
litter layer that alters the soil chemistry and tendsPERENNIAL    PEPPERWEED    (Lepidium

I not to break down rapidly. The oil in the treeslatifolium): Perennial pepperweed is a mustard
makes them particularly hazardous to fires, as wasfamily plant, native to Eurasia, that is widespread
demonstrated in the Oakland hills and southernin the United States. It was introduced to North

i California fires in the summer of 1996. However,America in the early 1800s and reportedly first
unlike native riparian plants, eucalyptus resproutsintroduced to Yolo County as a contaminant of
after fires. This combination of characteristicssugar beet seed (Young et al. 1996). It is found in
leads to dominance and expansion of the trees inall counties in the ERPP study area. It infests

I Because the leaves freshwater and wetland andripariansystems. are not riparian areas
broken down, the leaf litter can cause increasedsalt-affected areas, including coastal salt marshes,
sedimentation in streams, adversely affectingoften where there was past disturbance. It can

I invertebrate and fish populations. Eucalyptus treesalso in areas that are only seasonally wet.grow
growing in stream channels at maturity create floodThe plants grow fast, up to two or more meters
risks because their shallow roots and large staturetall, and spread both by rhizomes and seeds,

i render them vulnerable to blow down and topplingforming dense stands that exclude all other
during storm events, potentially causing debrisvegetation. Once stems begin growing, most
dams during high flows. Volunteer eucalyptusherbivores will not eat the plants (Young et al.

I stands in the channel may be found in many1996). An example of a perennial pepperweed
riparian locations, such as along Putah Creek ininfestation may be found at Grizzly Island in the
Yolo County. Delta.

I
BLACK LOCUST (Robiniapseudoacacia): Black GERMAN IVY (Senecio milkanioides): This vine,
locust is native to the eastern United States and isnative to South Africa, has been planted

I planted horticulturally in California. Oncehorticulturally and has spread into primarily
established, it spreads through seed and rhizomescoastal riparian forests. German ivy can be found
to form locally dominant patches that can excludein Matin and Sonoma County riparian forests. It

I native vegetation. Like eucalyptus, black locustcarpets large expanses of forest understory and
resprouts after fires. Examples of its dominanceclimbs to the canopy of willow and cottonwood
may be found in sites along the Delta and lower" trees. Competing for nutrients and water and

I American River and at the Cosumnes Riverpreventing sunlight from reaching seedlings, it
Preserve. reduces the cover of native vegetation and the

riparian community structure.

i Russian olive, perennial pepperweed, German ivy,
cordgrass, and purple loosestrife are weeds that
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CORDGRASS (Spartina alterniflora, S. anglica, S. ¯ prevents or significantly reduces additional
densiflora, S. patens): Spartina alterniflora, native introductions of non-native species,
to eastern North America; S. anglica, S. densiflora,
native to South America; and S. patens, native to ¯ develops a better understanding of how
the southeastern United States were intentionally non-native species affect ecological processes
introduced to San Francisco Bay areas in the 1970s and biological interactions,
(Callaway and Josselyn 1992, Daehler and Strong
1994, Spicher and Josselyn 1985, Spicher 1984).̄ develops effective control and eradication
All introduced cordgrasses are a threat to the open programs, and
intertidal mud and salt marsh communities in
estuarine areas. The cordgrasses form tall, dense¯ establishes habitat conditions that favor native
colonies in the mud with thick root systems. The over non-native species (Strategic Plan 1999).
result is alteration of tidal flows and increased
sedimentation, as well as displacement of clams,OPPORTUNI’rlES: Reduce or eradicate invasive
worms, crustaceans, and shorebirds that depend onnon-native shrubs and trees from riparian
these prey species. An additional threat is to thecorridors. Of particular importance is the control
native S. foliosa, which becomes overgrown by S.of the spread of tamarisk and giant reed, two
alterniflora (Callaway and Josselyn 1992) and can introduced species that displace native flora, offer
hybridize with it(Strong and Daehler 1996). Themarginal value to fish and wildlife, and cause
native S. foliosa community provides habitats forchannel instability and reduced floodway capacity.
the clapper rail and salt marsh harvest mouse. Some rivers, such as Stony Creek and Cache

Creek and the lower San Joaquin River, have
PURPLE LOOSESTRIFE (Lythrum salicaria): undergone large expansions of these non-native
Native to Eurasia, this riparian herbaceous weedspecies, even in the past 10-15 years. A
was introduced to North America in the early 1800scombination of large-scale eradication pilot
and has since invaded wetlands throughout theprojects and targeted research on several streams
United States. It forms large monotypic stands,will help to temporarily reduce the rate of
displacing native species, and can eliminateexpansion of their range, identify the most
shallow open-water areas otherwise used byvulnerable stream environments, and determine
waterfowl and wildlife, whether valley-wide eradication or suppression

measures are warranted or feasible (Strategic Plan

ISSUES AND 1999).

OPPORTU N ITI ES VISION
INTRODUCED SPECIES: Introduced species have
had a significant impact throughout the Bay-DeltaThe vision for invasive riparian and salt marsh

ecosystem, and they can pose a significantplant species is to reduce their adverse effects on

impediment to achieving restoration objectives. Innative species and ecological processes, water

order to minimize the risk of potentially massivequality and water conveyance systems, and major

ecological and biological disruptions associatedrivers and their tributaries.

with non-native species-disruptions that could
threaten to negate the benefits of restorationActive management is necessary to reduce

efforts-it is important to initiate an early programinvasive plant populations that compete with the
establishment and succession of native riparian

that: vegetation in the Delta and Sacramento and San
Joaquin Rivers and their tributaries in order to:
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¯ assist in the natural reestablishment of nativethat have an impact on agriculture, although most
riparian vegetation in floodplains, of the current infestations are restricted to natural

I and uncultivated areas (O’Connell pers. comm.).
¯ increase shaded riverine cover for fish, Listed weeds are given an "A", "B", or "C"

designation. "A" weeds are tracked and targeted

I ¯ reduce stress on rare species and communities,for control or eradication wherever they are found.
and "B" weeds are considered too widespread to

require mandated control measures; the choice for

I ¯ increase habitat values for riparian associatedcontrolling them is left to the county agricultural
wildlife, commissioners.    "C"-rated weeds are so

widespread that the agency does not endorse
Reduction of populations of invasive plant speciesState- or county-funded eradication or controlI that compete with the establishment and succession exceptefforts in nurseriesandseedlots. Ofthe
of native saline and fresh emergent marshweeds described in this vision statement, only
vegetation would also assist in the naturalperennial pepperweed and purple loosestrifeare

I listed as noxious agricultural weeds, both with areestablishmentof these native habitatsand

increase habitat values for associated wildlife, designation. With funding, the California
Developing and enhancing programs that protectDepartment of Food and Agriculture’s Integrated

I and restore State’s natural and Pest Control Branch could be expanded to includeour resources
biological diversity while fulfilling our floodweeds adversely affecting natural areas and their
control, water conveyance, and compatibleexisting infrastructure and expertise used to track,

I economic development needs are if map, and control weeds that are problems innecessary
efforts are to succeed on a long-term basis,natural areas.
Historically, governmental weed control programs

I have been aimed at non-native species, which hasTwo recently announced programs or policy

adversely affected commerce, primarilychanges may bear positively on the vision for
agriculture, or public services such as watercontrolling aquatic, riparian, and salt marsh

I delivery. Weeds in natural areas have historicallyweeds. The first is that the U.S. Department of

not been addressed but are now areas of great andAnimal and Plant Health Inspection Service

increasing concern. Expanding existing (APHIS) developed a new weed policy that

i governmental and private programs or creatingincludes regulation of all types of weeds,

new, similar programs is needed to perpetuallyincluding not only those threatening agricultural

monitor, research, and control weeds that impactor managed areas, but natural area weeds as well.
The program will use a risk assessment to list andI natural areas, and to prevent new infestations by

existing weeds or new introductions. To minimizedelist noxious weeds. Among other aspects of the
new policy, APHIS will institute a regulatory rolerecurring infestations, programs to actively restore
of detecting, assessing, and containing incipientI native habitats will require expansion into areasinfestations. The policy states that APHIS will

where infestations have been removed, play a federal coordination role to facilitate
communication and cooperation between relevant

I INTEGRATION WITH OTHER public agencies and others.

RESTORATION PROGRAMS
The second new approach was formed through a

I The California Department of Foodand Memorandumof Understanding(MOU) signedby

Agriculture’s Integrated Pest Control Branch has17 land-holding federal agencies in 1994. A

responsibility for tracking and controlling federallycommittee was formed called the Federal

I listed noxious weeds statewide. These are weedsInteragencyCommitteefor Managementof
Noxious and Exotic Weeds. The purpose of the
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MOU and committee formation is to enable theSeveral public and private groups dealing with
signing agencies to cooperatively manage noxiousweeds directly or indirectly in the ERPP study
and non-native weeds on federal lands and toarea can also be included. Among these are:
provide technical assistance on private land to
achieve the goal of sustainable, healthy ecosystems¯ the California Native Plant Society,
that meet the needs of society.

¯ The Nature Conservancy,
The Delta Flood Protection Program (AB 369) has
data on the location and extent of invasive plants̄ State and national parks, county and local
associated by levees in the Delta. The program has parks,
"habitat assistance" describing the kinds and extent¯ U.S. Bureau of Land Management,
of plants on the levees; Arundo is particularly
noted. The eradication of Arundo by levee districts̄ API-I!S,
is considered as a beneficial habitat change and is
reimbursable by the program. ¯ U.S. Army Corps of Engineers,¯
There are many other organizations with an interest¯ U.S. Natural Resource Conservation Service,
in weed issues in the ERPP study area. All have
different roles, interests, and expertise. To attain̄ Center for Natural Lands Management,
ERPP’s goals, a coordinated effort would be
needed among the groups to develop, prioritize,̄ resource conservation districts,
and implement weed management programs and
strategies that will help to achieve ecological zonē mosquito abatement districts,
and resource visions.

floodcontroldistricts,
¯ The University of California Weed Science

Program in the Vegetable Crops Department̄ California Association of Nurserymen,
conducts ongoing research on weed ecology
and control, including non-crop and natural̄ Team Arundo, and Team Arundo del Norte,
area problems.

locallandtrusts,
¯ The California Exotic Pest Plant Council is a

nonprofit organization that focuses on issues̄ and private landowners.
regarding non-native pest plants and their
control, and on public education regarding the LINKAGE WITH OTHER
issues.

ECOSYSTEM ELEMENTS
¯ The California Weed Science Society is a

50-year-old organization serving the weedInvasive riparian and salt marsh plants adversely
science community, influence other ecosystem elements such as

riparian and riverine aquatic habitat, and fish,
¯ The U.S. Environmental Protection Agency,wildlife, and plant species.

U.S. Fish and Wildlife Service, and the
Califomia Department of Fish and Game have
regulatory roles pertaining to weed control.
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I
STRATEGIC OBJECTIVE, are not available for spreading by gardeners,

landscapers, and people engaged in restoration or
TARGETS, AND reclamation activities. There is also a need to

I PROGRAM MATIC ACTIONS better educate the public on the adverse impacts of
invasive species and the need to not to allow

I Two Strategic Objectives address invasive ripariangarden plants to escape into natural environments.

and marsh plants.
STAGE 1 EXPECTATIONS-" Plants sold in

i Califomia by the horticulture industry that pose a
The first Strategic Objective is threat to ecosystems in the Bay-Delta watershed

~ to halt the introduction of will have been identified and evaluated for
invasive aquatic and invasive potential. Special attention will be paid to

I plants imported into the region from other areas.terrestrial plants into Central
California. Working with the horticulture industry and

affected interests, a plan will have been developedI LONG-TERM OBJECTIVE-" Halt the importation, to greatly reduce, and eventuallyand instituted
sale, and use of aquatic and terrestrial plants thateliminate, the introduction of additional invasive¯
can have potentially harmful impactson plant species into natural environments.I in the watershed.ecosystems Bay-Delta

The    second    Strategic

i
"SHORT-TERM OBJECTIVE: Develop and ~ Objective for invasive riparian
institute strategies, working with the horticulture

~                and marsh plants is toindustry and interests representing the environment develop focused control
and other sectors that may be affected by such efforts on those introducedI introductions, to halt the introduction and spread ofspecies where control is most feasible and
invasive plant species, of greatest benefit, including eradication

where scientifically justified andI RATIONALE: Many areas of the Central Califomia feasible.technically
landscape are dominated by non-native plant
species (e.g., annual grasslands, eucalyptus forests)

I that have displaced native species and haveLONG-TERM ,OBJECTIVE." Eliminate, or
unexpected negative impacts. Parrot’s feather, forcontrol to a level of little significance, all

undesirable non-native species, where feasible.example, is an omamental aquatic plant that is now

I widespread, clogging ponds and ditches in the Bay-
Delta watershed, thereby creating breeding habitatSHORT-TERM OBJECTIVE-" Eradicate or

for mosquitoes. Many harmful species (e.g., watercontain those species for which this can readily be

i hyacinth) can easily be purchased in plant nurseriesdone, gaining thereby the largest benefit for the

and so continue to be spread into natural systems,least economic and environmental cost; and to
monitor for the arrival of new invasive speciesNew species and varieties of plants from all over

I the world are constantly being brought intoand, where feasible, respond quickly to eradicate

California with little evaluation of their invasivethem.

qualities. Some species (e.g., Atlantic and English
cordgrass) have even been imported for marshRA~ONALE: Non-native species are now part of

restoration projects! There clearly is a need tomost aquatic, riparian, and terrestrial ecosystems

evaluate the plants, imported into California fromin California. In most instances, control is either

I other regions and to better regulate the horticulturalnot possible or not desirable. However, in some

industry to make sure potentially invasive plantsinstances, control of invasive species is needed to
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protect the remaining native elements or to supportwithout doing much of anything, then suddenly
human uses. Four factors should be considered intaken off and taken over entire estuaries in a few
focusing control efforts. First, an introducedyears. In San Francisco Bay, it is known from one
species is often not recognized as a problem bysite only, where it was planted, and where it exists
society until it has become widespread andin a single patch. It could readily be eradicated.
abundant. At that point, control efforts are likely to
be difficult, expensive, and relatively ineffective,STAGE 1 EXPECTATIONS: Alq assessment will
while producing substantial environmental sidebe completed of existing introductions to identify
effects or risks, including public health risks,those with the greatest potential for containment
Second, some organisms, by nature oror eradication, and consider this in prioritizing
circumstance, are moresusceptibletocontrolthancontrol efforts. A program will have been
others. Rooted plants are in general moreimplemented to monitor for, and respond quickly
controllable than mobile animals, and organismsto contain and eradicate new invasions, where this
restricted to smaller, isolated water bodies are inis possible. A mechanism whereby new invasions
general more controllable than organisms free tocan be dealt with quickly and effectively will have
roam throughout large, hydrologically connectedbeen developed an implemented.
systems. Third, although biological control is
conceptually veryappealing, it is rarely successfulThe general target for invasive riparian and
and always carries some risk of unexpected sidesaltmarsh plants is to prevent them from becoming
effects, such as an introduced control agentestablished in riparian and saltmarsh restoration
"controlling" desirable native species. And fourth,areas, conduct distribution and abundance surveys
physical chemical control methods used .inthroughout the ERPP Study Area, and develop andor

maintenance control rather than eradication requireimplement control and eradication programs for
an indefinite commitment to ongoinghigh priority problem areas.
environmental disturbance, expense, and possibly
public health risks. Overall, the most efficient,A comprehensive strategy to reduce invasive
cost-effective, and environmentally beneficialriparian and salt marsh plant populations and their
control programs may be those that target the mostadverse effects on the Bay-Delta ecosystem would
susceptible species, and species that are not yetinclude the following items.
widespread and abundant. This suggests a need to
(1) assess the array of introduced species and focus¯ Assess weeds for their levels of a threat, their
on those that are most amenable to containment and extent, and their potential for long-term
eradication, rather than focusing just on those that control.
are currently making headlines, and (2) responding
rapidly to eradicate new introductions rather than̄ Assess potential weed control sites for their
waiting until they spread and become difficult or likelihood to provide the greatest return on
impossible to eradicate, control efforts in terms of improved habitat

quality and other benefits, such as reducing
An example of a "rare" introduced species needing flood risk and channel instability, longevity of
eradication that is not being dealt with is English results, and ability to supply the types of
cordgrass in the Bay. It has been described by habitats and habitat characteristics proposed
some scientists as the most aggressive and invasive for restoration.
salt marsh plant in the world. It has been in the
Bay, its only known California location, for 20̄ Develop and implement management plans
years without spreading, so it has not generated based on the assessment of weeds and sites to
concern. However, in other parts of the world it achieve specific targets for each weed and
has also sometimes sat around for a few decades site.
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I ¯ Wherever necessary and appropriate, alterniflora (poaceae) invading San Francisco
implement habitat restoration simultaneous Bay, California: the influence of herbivory,

I with or following control measures, pollination, and establishment site. Amer.
Journal Botany 81:307-313.

¯ For arundo and tamarisk, eradicate the weeds

I in watersheds where they have only smallDawson, K.J. 1984. Planting design inventory
populations, then concentrate on eradicating techniques for modeling the restoration of
satellite populations extending beyond major native riparian landscapes. In Richard E.

i infestations, and finally, reduce and eventually Warner and Kathleen M. Hendrix, California
eliminate the most extensive populations, riparian systems - ecology, conservation, and

productive management. Universityof

i ¯ Provide technical expertise, serve as a California Press. Berkeley, CA.
clearinghouse for regional information and
project results, and assist with implementingDouthit, S. 1993. Arundo donax in the Santa Ana

i high-priority local projects in specific River Basin. Arundo donax Workshop
ecological units or zones to increase the Proceedings- November 19, 1993. Team
effectiveness of existing public and private Arundo.
programs to reduce the threat of invasive

I Fuller, T.C. 1978. Juglans hindsii Jepson ex. R.species.

E. Smith, northern California black walnut.
REFERENCES Rare plant status report. California Native

I Plant Society.
Anderson, B. W., and R. D. Ohmart. 1984. Avian

use of revegetated riparian zones. In RichardHunter, J.C. 1995. Ailanthus altissima (Miller)I E. Warner and Kathleen M. Hendrix, swingle: its biology and recent history.
California riparian systems -ecology, CalEPPC News - Newsletter of the California
conservation, and productive management. Exotic Pest Plant Council. Fall 1995.

I University of California Press. Berkeley, CA. Volume 3(4).

Barbour, M., B. Pavlik, F. Drysdale, and S. Meents, J. K., B. W. Anderson, and R. D. Ohmart.
Lindstrom. 1993. California’s changing 1984. Sensitivity of riparian birds to habitat
landscapes - diversity and conservation of loss. In Richard E. Wamer and Kathleen M.
California vegetation. California Native Plant Hendrix, California riparian systems -

I Society. Sacramento, CA. ecology, conservation, and productive
management. University of California Press.

Bell, G.P. 1993. Ecology and growth habits of Berkeley, CA.

i giant reed (Arundo donax). Arundo donax
Workshop Proceedings - November 19, 1993. Reiger, J. P. 1988. Riparian restoration projects
Team Arundo. in San Diego County. California Department

I of Transportation. Pages 213-220 in J. P.
Callaway, J. C., and M. N. Josselyn. 1992. The Rieger and B. K. Williams (eds.), Proceedings

introduction and spread of smooth cordgrass of the Second Native Plant Revegetation

I (Spartina alterniflora) in south San Francisco Symposium - April 15-18, 1987, San Diego,
Bay. Estuaries 15:218-226. CA.

I Daehler, C.C., and D. R. Strong. 1994. VariableSkinner, M. W., and B. M. Pavlik. 1994.
reproductive output among clones of Spartina Inventory of rare and endangered vascular
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Francisco Bay. M.A. thesis. San Francisco
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Strategic Plan for Ecosystem Restoration. 1999.
Appendix to the CALFED Bay-Delta Program
Environmental     Impact     Statement
/Environmental Impact Report. June 1999.
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Lovich, J. Randall, and M. D. Kelly (eds.),
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O’Connell, Ross. Senior agricultural biologist.
California Department of Food and
Agriculture, Division of Plant Industry,
Integrated Pest Contr.ol Branch, Sacramento,
California. January 31, 1997 - telephone
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Peterson, Daryl. Sacramento River restoration
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ZEBRA MUSSEL

the Mississippi River basin. The mussel is
expected to infest most areas of North America
within the next few years (New Hampshire
Department of Natural Resources 1998).

,
I NTRODUCTION

Zebra mussels are a highly invasive exotic bivalve
first discovered in the Great Lakes region in 1988
(Hebert et al. 1989). Since its introduction, the Zebra mussels are the only freshwater mussel

zebra mussel has caused widespread disruption ofwhich can secrete durable elastic strands, called

important foodweb processes in the region, alteredbyssal fibers, by which they can securely attach to

fish species abundances, and impaired waternearly ~any surface, forming barnacle-like

export facilities used for municipal, industrial, andencrustations. Through this mechanism zebra
mussels can attach to stone, wood, concrete, iron,power generation purposes. The zebra mussel is

not known to occur in California at this time. Thesteel, aluminum, plastic, fiberglass, and PVC.

introduction of zebra mussel into California’sZebra mussels typically colonize at densities

Bay-Delta watershed would be an environmentalgreater than 30,000 individuals per square meter.

and economic catastrophe.                          The of zebra mussels introduced
specificorigin

into the Great Lakes is unknown but they are
STRESSOR DESCRIPTION widespread throughout westem and eastern

Europe (Marsden 1996). Zebra mussels have
Zebra mussels are small shellfish marked bysuccessfully invaded a wide variety of aquatic
alternating light and dark bands. They arehabitats including freshwater lakes and rivers,
typically 2 inches or less in size. Zebra musselscooling ponds, quarries, and irrigation ponds on
are native to the drainage basins of the Black,golf courses (Strayer 1991). Recent information
Caspian, and Aral seas of Eastern Europe. It issuggests that zebra mussel can invade brackish
believed that ships originating from Europeanwater or estuaries where salinities do not exceed
ports carried the pest in freshwater ballast which8 to 12 ppt.
was discharged into the Great Lakes. The first
North American zebra mussel as discovered inWater quality factors that limit colonization by
Lake St. Clair, Michigan in June 1988. By zebra musselappearto include temperature, pH,
September 1991, the mussel was found in all fiveand calcium content of the ambient water. The
of the Great Lakes, the St. Lawrence River, the upper thermal tolerance is between 68 to 77 °F.
Finger Lakes region of New York, and throughout Lower limit of calcium is 12 mg per liter and a
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boats was intercepted at the Hombrook Inspection
.~’P~,~.~o~s ~s Station near the Oregon border in June 1997 and

..... ¯ .*...÷ ,,,~,,or®~,~ the other two were stopped at the Truckee
÷ ÷ ÷ ÷ Inspection Station in September and December ofPhytoplankton

I-~ ~’+
Mo,i-~,,o~o~, ~i~ 1996. This brought the total number of boats

entering California found to be infested with zebra
Macroo~t~ ~ w=~ mussel to eleven boats since 1993.

The 1986 invasion of the Great Lakes by zebra
mussel provides one of the most instructiveSusl:~x~ Bort~ie~ent= ,~,o,,,.,.~_~ ,n~a~=e~ examples of ecological modification and
economic damage associated with human-

Schematic of observed (sdid line) and potential (dotted line) mediated species introductions. (Hebert et al.
impacts of zebra mussel in freshwater communities based on

1989).European and North American studies. Taxabenefitting from
zebra mussel invasion and indicated with a (+) symbol, those
adversely affected by a (-) symbol. Strong interactions are The greatest abiotic effect anticipated from an
denoted by thicker arrows. Zebra mussel may indirectly
impact piscivorous and planktivorous fish by altering food invasion by zebra mussel will be problems
supply or habitat quality (Adapted from MacIsaac 1996), associated the mussel biofouling. Permanent

I {{{ { I{{ marine structures such as pilings, bridges and
docks are particularly susceptible of fouling.

combined threshold for pH and calcium is 7.1 andWater intake structures for municipal, industrial,
8.5 mg per liter, and agricultural diversions and intake structures

for power generation plants are highly vulnerable
Adult zebra mussel tissues have a very highto fouling or clogging if they divert water from a
nutrient value and in the Great Lakes region aresource contaminated with adult or juvenile zebra
consumed in large quantities by crayfish, fish, andmussel. Power plants components that are
waterfowl (Mackie and Schloesser 1996), susceptible to biofouling include crib structures,

trash bars, screen houses, steam condensers, heat
Zebra mussels become sexually mature in theirexchangers, penstocks, and service water systems.
first year of life and, depending on size, can
produce 30,000 to 1,610,000 eggs per female. Very long or narrow pipelines are particularly

vulnerable to biofouling and severely restricted
Zebra mussel d!sperse by a variety of natural andflows (Claudia, R. and G.L. Mackie 1993). Mussel
anthropogenic means. Natural means includedensities at the Monroe power plant in western
flowing water, birds, insects, and other animals.Lake Erie have been reported to be as high as
Human-mediated eventsinclude artificial 750,000 individuals per square meter. These
waterways, ships, amphibious aircraft, and extraordinary mussel densities can be achieved in
recreational equipments such as boats and otherraw water intakes because of the enormous
watercraft (Maekie and Schloesser 1996). number of potential colonists entrained in the

intake current, constant replenishment of nutrients
Live mussels have been reported found in Losand removal of mussel wastes, and absence of
Angeles attached to trailered boats. The Californiapredators (Maclsaac 1996).
Department of Water Resources has also reported
three more boats brought into the State since JuneOne of the most predictable outcomes of a zebra
1996 carried zebra mussels. All three boats camemussel invasion and a significant abiotic effect is
from the Great Lakes region and were headed forenhanced water clarity. This also is linked to a
saltwater destinations. The first of these threegreatly diminished phytoplankton biomass. For
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example, rotifer abundance in western Lake Erie LINKAGE WITH OTHERdeclined by 74% between 1988 and the 1989-1993
period, a time coincident with the establishment of ECOSYSTEM ELEMENTS
an enormous zebra mussel population beginning
in 1989 (Leach 1993). Invasive aquatic organisms adversely influence

other ecosystem elements including ecological

VISION processes, habitats, and species. For example,
introduced species have out competed and
displaced many native species. The proliferation

The vision for zebra mussel is to establishof these exotic organisms has altered the Bay-
procedures to prevent or delay their introductionDelta foodweb.and to set up protocols to swiftly treat and
eliminate any introduction. This includes all
appropriate efforts will be maintained to interdict STRATEGIC OBJECTIVE.
potential sources of zebra mussels at all border TARGETS, AND
check stations and other potential sources of
introduction. The vision also includes an PROGRAMMATIC
emergency response strategy to quickly contain ACTIONS

any suspected or provenanderadicate mussel
colonies.

~~~lk
The Strategic Objective is to

This vision is consistent with the visions for other prevent the invasion of the
invasive species, particularly for invasive aquatic zebra mussel into California.
species and relies on measures to prevent
introductions through contaminated ballast water.

LONG-TERM OBJECTIVES: Develop an

INTEGRATION WITH emergency response strategy to quickly contain
and eradicate zebra mussels should they arrive in

OTHER RESTORATION California. Continue to inspect trailered boats at
PROGRAMS the California border to intercept zebra mussels

attached to boats.
¯ California Department of Food and

Agriculture’s border inspection stations. SHORT-TERM OBJECTIVES: Coordinate
activites with California Department of Food and

¯ Michigan Sea Grant Zebra Mussel/Aquatic Agricultural to increase monitoring activities at
Nuisance Species Program which serves as aport of entries (boarder crossings) into
centralized source of information exchange. California. Develop and fund protocols for

inspecting vessels that enter the State from areas
¯ Fish and Game Commission which canwhere zebra mussels are know to occur.

regulates the importation of live animals orActivities would also need to be under taken with
aquatic plants, adjoining states to prevent zebra mussels from

becoming established in common waterways.
¯ California Department of Fish and Game

which issues permits for the importation ofFIA~O~Oa.E: The zebra mussel has done
live animals and aquatic plants, enormous damage to water supply infrastructure

and to natural ecosystems in the eastern United
States, through which they are spreading rapidly.
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It is likely that at some point a live population of 381-397. Lewis Publishers. Boca Raton,
zebra mussels will appear in California waters Florida.
through any one of several means. Studies have
already demonstrated that it will likely thrive inMaclsaac, H.J. 1996. Potential abiotic and biotic
many parts of the California water system, impacts of zebra mussels on the inland waters
Therefore, it is highly desirable to have in place a of North America. American Zoologist
strategy to deal with a localized invasion, along 36:287-299.
with a commitment of resources from agencies so
that rapid action is possible.                        Mackie, G.L, and D.W. Schloesser. 1996.

Comparative biology of zebra mussel in
STAGE 1 EXPECTATIONS: A determination Europe and North America: an overview.
should be made as to which waters which are most American Zoologist 36:244-258.
likely to serve as an initial site of invasion for
zebra mussels (taking into account both waterMarsden, J.E. 1996. Review of genetic studies of
quality and other environmental factors and the Dreissena spp. American Zoologist 36:259-
mechanisms likely to transport zebra mussels); a 270.
zebra mussel monitoring program for these waters
should be developed; and a rapid responseNew Hampshire Department of Natural
strategy should be developed to contain and Resources. 1998. Zebra mussels. Technical
eradicate an incipient zebra mussel invasion. In bulletin WD-BB-17.
addition, the most likely source for introducing
zebra mussels is boats carried by trailer from areasStrategic Plan for Ecosystem Restoration. 1999.
where zebra mussels are abundant. California Appendix to the CALFED Bay-DeltaProgram
already has an agricultural inspection program, Environmental Impact Statement
and this program now includes inspection of boats /Environmental Impact Report. June 1999.
for mussels.

Strayer, D.L. 1991. Projected distribution of the
REFERENCES zebra mussel, Dreissena polymorpha, in
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manual for zebra musses monitoring and
control. Lewis Publishers, Boca Raton,
Florida.
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Leach, J.H. 1993. Impacts of the zebra mussel
(Dreissenapolyrnorpha) on water quality and
fish spawning reefs in western Lake Erie. In:
T.F. Nalepa and D.W. Schloesser (eds.) Zebra
mussels. Biology, impacts and control. Pp
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¯ NON-NATIVE WILDLIFE

predators). These non-native species usually have
a competitive advantage because of their location
in environments where the normalhospitable
controls of disease and natural enemies are
missing. As populations of non-native species

they can disrupt the ecosystem andgrow,
population dynamics of native species. In some
cases, habitat changes have eliminated
connectivity of habitats that harbor the native
predators that could help to limit populations of
harmful non-native species.

INTRODUCTION
The following common but harmful non-native

The large-scale restoration of emergent wetlands,species are found in the Bay-Delta area:
riparian habitat, and adjacent perennial grasslands
will be the main focus of a strategy to reduce thē The red fox was brought to California to be
adverse impacts of non-native wildlife on the hunted for sport and raised for fur during the
health of the Bay-Delta ecosystem. The goal is a late 1800s and early 1900s. The population of
restored Bay-Delta and watershed where the this fox appears to be increasing and is now
quality, quantity, and structure of the restored widespread in the Central Valley lowlands
habitat discourage colonization by non-native and the coastal counties south of Sonoma
wildlife, provide a competitive advantage to native County. The range of this species also
wildlife, and reduce the vulnerability of native appears to be increasing, and the fox is a
species to nest parasitism and predation from threat to many native endangered wildlife
species such as the brown-headed cowbird and species such as the California clapper rail.
starling, and from predation by species such as the
red fox and Norway rat. ¯ The Norway rat was introduced

unintentionally and was established in many
STRESSOR DESCRIPTION areas by the mid-1800s. Increases in urban

development, landfills, and riprap areas have
One of the most serious environmental problems resulted in large populations of these rots
facing California is the explosive invasion ofnono living along the bay shores. They are a threat
native pest plants and animals. Non-native plants, to ground-nesting wildlife.
wildlife, fish, and aquatic invertebrates can greatly
alter the ecosystem processes, functions, habitats,̄ The feral cat is a major predator to bird and
species diversity, and abundance of-native plants, mammal populations in the wetland areas of
fish, and wildlife, the Bay-Delta Estuary and wildlife areas

elsewhere.
Many of these invasive species spread rapidly and
form dense populations primarily by out-¯ The bullfrog is not native west of the Rockies
competing native species as a result of large-scale but has been successfully introduced
habitat changes that tend to favor non-native throughout mostofCalifomiafrom Oregon to
species and a lack of natural controls (e.g., natural Mexico.Bullfi-ogscanestablishandthrivein
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most permanent aquatic habitats that supportthreaten the diversity or abundance of native
emergent vegetation. Population levels inspecies or the ecological stability of an area).
semipermanent aquatic habitats vary from
year to year. Bullfrogs feed on mostReducing the numbers of non-native species and
vertebrates and invertebrates that can betherefore the effects these species have on native
seized and swallowed, wildlife will require a coordinated approach that

includes restoring ecosystem processes and
¯ The red-eared slider is a turtle native to thefunctions where applicable and possible, restoring

southeastern United States and sold in petnative habitats, reducing or eliminating other
stores throughout the west. The species hasstressors that suppress native species, and efforts
become established in the wild in someto control non-native species.
locations through releases by pet owners. The
range and status of sliders in the Delta are INTEGRATION WITH
unknown but it is possible that this species is
successfully reproducing. If so, it could OTHER RESTORATION
compete with aquatic species in and PROGRAMS
dependent on the Delta.

Efforts to control non-native species, such as the
Non-native wildlife species have been sightedred fox, are being undertaken on a small scale in
throughout the Sacramento and San Joaquinthe San Francisco Bay area. Most other efforts
Valleys in a variety of habitats. These includeare associated with damage control in agricultural,
aquatic, riparian scrub, woodland, and foresturban, and suburban areas in the ERPP study area.
habitats; valley oak woodland; grassland andLimited efforts have been focused in State and
agricultural land. federal wildlife areas that have undertaken control

programs on a small scale.
Reestablishing connectivity between habitats
would help to reduce non-native species. For ’
instance, restoring the connection between Bay LINKAGE WITH OTHER
marshlands and upland habitats that have ECOSYSTEM ELEMENTS
populations of coyotes may help to reduce
populations of red fox. Nest conditions inNon-native wildlife either compete with native
fragmented areas of riparian habitats encouragewildlife species or prey on them. The result is
nest predation and parasitism by non-nativediminished abundance of native species, some of
species such as starlings and brown-headedwhich, such as the California clapper rail, are
cowbirds. Restoring large blocks or broad bandsState or federally listed endangered species. Other
of riparian habitats will eliminate or minimizethan direct control measures, the problems caused
these adverse effects. Larger blocks may alsoby non-native wildlife species can be moderated
encourage additional nesting by native deep-by habitat restoration programs that reconnect~
forest-nesting species that have been previouslyhabitats, reduce fragmentation of riparian habitat,
excluded, and restore connection between lowland and

upland habitats.
VISION

The vision for non-native wildlife species is to
implement a program to reduce the numbers of
harmful non-native ~ildlife species (i.e., those that
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STRATEGIC OBJECTIVE. species. There is thus a need to focus on
prevention (e.g., containment and neutering of

i TARGETS, AND pets), on non-lethal means of removal (e.g.,

PROGRAMMATIC live-trapping) where feasible, and on developing
support and methods for lethal control where

i ACTIONS necessary. Prevention and nonlethal methods are
typically labor intensive, continuous, and more

Two Strategic Objectives address non-nativecostly than limited agency budgets can endure.

i wildlife. Therefore, there is a need to develop either better
methods or bigger budgets for control if

~~~1~The first Strategic Objective is self-sustaining populations of many native birds

I to reduce the impact of exotic and mammals are to be maintained.
mammals on native birds and

’ mammals. STAGE 1 EXPECTATIONS: ~ aggressive

i public information program on the impacts of such

LONG-TERM OBJECTIVE: Establish
non-native mammals in wildlife areas will have

mechanisms to minimize the negative effects of
been conducted. Plans for long-term control of
invasive mammals will have been developed, withI house cats, red fox, domestic dogs, roof rats,alternativesclearlyspellingouttheimpactof nohouse mice and other non-native predators and
or low control.competitors on populations of native birds and

I mammals, especially at-risk species.
The    second    Strategic

SHORT-TERM OBJECTIVE." Develop both the ~ Objective is to develop

I means and the public support for limiting the focused control efforts on
invasion and impacts of non-native mammals into , those introduced species
natural areas, where control is most feasible

I and of greatest benefit,
RATIONALE: Probably few issues are as including eradication where
potentially contentious to the public as programs scientifically justified and
to control the numbers of house cats (both tame technically feasible.I and feral), red fox (introduced in the Central
Valley and spread to marshes throughout theLONG-TERM OBJECTIVE: Eliminate, or

I Bay-Delta system), and domestic dogs in naturalcontrol to a level of little significance, all
areas. The fact remains that such predators canundesirable non-native species, where feasible.
have a major impact on the ability of natural areas
to support wildlife, including threatened nativeSHORT-TERM OBJECTIVE’- Eradicate ori species as clapper contain those species for which this can readily besuch rails,saltmarshharvest
mice, and salt marsh song sparrows. Likewise,done, gaining thereby the largest benefit for the
non-native rats and mice can impact populationsleast economic and environmental cost; and to

I
of native rodents and songbirds. Thus there is amonitor for the arrival of new invasive species
major need to educate the public about theand, where feasible, respond quickly to eradicate
tradeoffs in protecting abundant and conspicuousthem.I predators that on native species, as well asprey
programs to rid areas of other non-nativeRATION,~Xt__~:: Non-native species are now part of
mammals. Economical but lethal means of controlmost aquatic, riparian, and terrestrial ecosystemsI (poisons, traps) are often controversial for many California.in Inmostinstances,controlis either
of these species and may also affect native

I Volume I: Ecosystem Restoration Program Plan
~Ct~A~A Vision for Non-Native Wildlife

~ P.zxa~ June 1999

I
489

C--01 9375
C-019375



not possible or not desirable. However, in someThe Ecosystem Restoration Program Plan (ERPP)
instances, control of invasive species is needed tosupports the following activities that would reduce
protect the remaining native elements or toadverse effects of non-native wildlife on native
support human uses. Four factors should be. species:
considered in focusing control efforts. First, an
introduced species is often not recognized as ā Reduce red fox populations in and adjacent to
problem by society until it has become widespread habitat areas suitable for California clapper
and abundant. At that point, control efforts are rail, California black rail, salt marsh harvest
likely to be difficult, expensive, and relatively mouse, and San Joaquin kit fox to reduce
ineffective, while producing substantial predation on eggs, juveniles, and adults and
environmental side effects or risks, including assist in the recovery of these native species.
public health risks. Second, some organisms, by
nature or circumstance, are more susceptible tō Reduce Norway rat populations in and
control than others. Third, although biological adjacent to suitable habitat areas for
control is conceptually very appealing, it is rarely California clapper rail, California black rail,
successful and always carries some risk of and salt marsh harvest mouse to reduce
unexpected side effects, such as an introduced predation on eggs, juveniles, and adults and
control agent "controlling" desirable native assist in the recovery of these species. A
species. And fourth, physical or chemical control combination of activities would be required to
methods used in maintenance control rather than prevent the rats from establishing in important
eradication require an indefinite commitment to habitat areas (e.g., remove garbage and
ongoing environmentaldisturbance, expense, and rubbish; ensure proper construction of
possibly public health risks. Overall, the most residences and food storage structures; break
efficient, cost-effective, and environmentally down stubble in field crops, such as corn, to
beneficialcontrolprograms may be those that expose the rodents to predation during winter)
target the most susceptible species, and species and reduce populations in important habitat
that are not yet widespread and abundant, areas where the rats are already established

(e.g., use biological controls, practice the
STAGE 1 EXPECTATIONS’- An assessment will environmental controls listed above, and use
be completed of existing introductions to identify rodenticides).
those with the greatest potential for containment
or eradication, and consider this in prioritizinḡ Reduce feral cat populations in and adjacent
control efforts. A program will have been to suitable habitatforCaliforniaclapperrail,
implemented to monitor for, and respond quickly California black rail, salt marsh harvest
to contain and eradicate new invasions, where this mouse, San Joaquin pocket mouse, kangaroo
is possible. A mechanism whereby new invasions rat, and blunt-nosed leopard lizard habitats to
can be dealt with quickly and effectively will have reduce predation on eggs, juveniles, and
been developed an implemented, adults and assist in the recovery of these

species.
The general target for non-native wildlife is
develop and implement control programs to¯ Periodically drain aquatic habitats inhabited
reduce population abundance and to reestablish by bullfrogs to reduce the populations of these
larger blocks of connected habitats to provide species (bullfrog larvae have an extended
more extensive habitat and protection for native growing season,    sometimes even
wildlife, overwintering, compared to native amphibians

such as the California red-legged frog).
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¯ Investigate the feasibility of increasing the
harvest of bullfi’ogs without disturbing native
species.

¯ Implement a "buy-back" or "take-back"
program in pet stores to reduce the number of
red-eared sliders released into the Delta.

REFERENCE

Strategic Plan for Ecosystem Restoration. 1999.
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¯ PREDATION AND COMPETITION

predators on chinook salmon: birds, fishes, and

~ marine mammals. Predatory birds include diving
birds such as cormorants and gulls; terns and
mergansers; wading birds such as snowy egret,
great blue heron, black-crowned night heron, and
green heron; and raptors such as osprey.

~~1~~
Predatory fish include both native and non-native
species. Native predatory species include
Sacramento squawfish, prickly sculpin, and
steelhead. Non-native predatory species include
striped bass, white catfish, channel catfish,
American shad, black crappie, largemouth black

INTRODUCTION bass, and bluegill.

Predation andcompetitionarenaturalecologicalPredation by native species is a natural
functions; however, unnatural levels of each canphenomenon and should not have a serious effect
result in adverse effects to important sport andon naturally produced chinook salmon in areas

species concern where shaded riverine aquatic (SRA) habitat andcommercialfisheriesand of such
as winter-run chinook salmon. For example, theother types of escape cover are present. Chinook
potential adverse effects of competition betweensalmon has co-evolved with its native predators
native and hatchery-reared salmonid stocks forand has avoiddevelopedlife-historystrategiesto
food and other resources are a concern. Predationpredation. However, predation by non-native
on important fish species and stocks is known tospecies and increased predation resulting from
be a problem in the Central Valley, however, atartificial in-water structures and loss of instream
specific sites or under specific environmentalhabitat diversity may have resulted in gross
conditions, imbalances in the predator-prey relationships and

community structure in which chinook salmon
Efforts to control the extent of unwanted predationevolved.
and competition, particularly the loss of species of
concern, are an important component in restoringArtificial structures, such as dams, bridges, and
health to the Bay-Delta system and in providingdiversions, create shadows and turbulence that
for other beneficial uses of water, tend to attract predator species and create an

unnatural advantage for predators (Stevens 1961,

STRESSOR DESCRIPTION Vogel et al. 1988, Decoto 1978). Specific
locations where predation is of concern include

CHINOOK SALMON AS A PREY Red BluffDiversion Dam (RBDD), Glerm-Colusa
Irrigation District’s (GCID’s) Hamilton City

SPECIES Pumping Plant, flood bypasses, release sites for
salmon salvaged at the State and federal fish

Predation occurs throughout the river and oceanfacilities, areas where rock revetment has replaced
life-history stages of chinook salmon, but thenatural fiver bank vegetation, the Suisun Marsh
magnitude and extent of predation have not beenSalinity Control Gates, and Clifton Court Forebay
quantified. There are essentially three classes of

(CCF).
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Predation at RBDD o.n juvenile chinook salmon isprobability of contribution to the adult population.
believed to be higher than natural levels because
of the water quality and flow dynamics associatedThere are some concerns that predation is higher
with the operation of this structure. The mostin flood bypasses. In one survey of the Sutter
important predatoratRBDD is squawfish(GarciaBypass, the most abundant species captured
1989). Squawfish migrate annually upstream toincluded chinook salmon and Sacramento
RBDD from March to June, but some squawfishsquawfish (Jones & Stokes Associates 1993a).
are present year round at the dam. Striped bass
have also been captured immediately below GLENN-GOLUSA IRRIGATION
RBDD in limited but regular numbers and have DISTRICT HAMILTON CITY
been found to have fed on juvenile salmonids PUMPING PLANT
(U.S. Fish and Wildlife Service unpublished data
cited in Garcia 1989, Villa 1979). Striped bass Evaluations at GCID Hamilton City Pumping
were also observed by U.S. Fish and WildlifePlant suggested that predation could be an
Service (USFWS) divers below RBDD in important factor contributing to losses ofjtivenile
September 1982, and five American shad capturedsalmonids at that location (Decoto 1978). In
at RBDD in June 1976 contained two to sevenmark-recapture studies, 66% of the salmon were
juvenile salmon each (Hall 1977). unaccounted for in bypass evaluations, and 82%

were unaccounted for in culvert evaluations.
Some chinook, such as juvenile winter-runMore recent studies suggest that Sacramento
chinook salmon that migrate downstream soonsquawfish is the primary predator at the pumping
after emerging from the gravel in summer andplant (Cramer 1992), although striped bass were
early fall, will encounter RBDD when the gatesalso found with young chinook salmon in their
are still down. They must cross Lake Red Bluffstomachs.
when turbidity is generally low and water
temperatures are still relatively high. Because of FISH S/M.VAGE RELEASE SITES
their small size, these early emigrating winter-run
juveniles may be very susceptible to predation inorsi (1967) evaluated predation at the Jersey
the lake by squawfish and cormorants (Vogel etIsland release site for salvaged fish from the State
al. 1988). In passing the dam, juveniles areand federal fish facilities from mid-June through
subject to conditions that greatly disorient them,July in 1966 and 1967. Striped bass was the
causing them to be highly susceptibleto predationmajor predator at the release site, with black
by fish or birds, crappie and white catfish ranking second and

third, respectively. Orsi estimated that overall
Prior to reoperation, late-migrating juvenilepredation occurred on about 10% of the salvaged
chinook salmon that passed RBDD in early springfish released per day during multiple releases
mostlikelysufferedthegreatestlossesbecause (one million fish/day), and more than 80% of the
squawfish abundance was higher at that time ofpredation was from striped bass. He qualified this
year and river conditions were generally favorableestimate as potentially being high and not
forpredators,especiallyduringdryyears.Recent applicable to other sites such as the Sacramento
operation have reduced the aggregation ofRiver. Similarly, Pickard et al. (1982) conducted
squawfish and reduced losses during the period inpredation studies of salvage release sites from
whichthe gatesare up. The impactsof these 1976 to 1978. Fish, salvaged from the State’s fish
losses are also more important because of thefacility, were regularly transported and released
overall higher survival of these smolts (versusinto the lower Sacramento River at Horseshoe
actively migrating fry) and their greater Bend. More predator fish were collected at the

release site than at the control site, with striped
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bass and Sacramento squawfish being the primary SUISUN MARSH SALINITY
predators. Also, more fish remains were found in CONTROL STRUCTURE

I the predators’ stomachs at the release site than at
the control site.

I ROCK REVETMENT SITES

USFWS conducted a study to assess the

I relationship of juvenile chinook salmon to the
rock revetment type bank protection between
Chico Landing and Red Bluff (Michny and

I Hampton 1984). They found that predatory fish,
such as Sacramento squawfish and prickly
sculpin, were more abundant at riprapped sites

i than at naturally eroding bank sites with riparian
vegetation. Conversely, juvenile salmon wereThe California Department of Fish and Game
found more frequently in areas adjacent to riparian(DFG) conducted predation studies from 1987 to

I habitats than at riprapped sites. Riparian habitats1993 at the Suisun Marsh salinity control ~uctu~
I provide overhead and submerged cover, anto determine if the structure attracts and

important refuge for juvenile chinook fromconcentrates predators. The dominant predator

i predators, species at the structure was striped bass, and
juvenile chinook were identified in their stomach

CLIFTON COURT FOREBAY contents. Catch-per-unit-effort (CPUE) of bass
has generally increased at the structure from 1987I Overall predation rates for salmon smolts in CCF (less than 0.5, preproject) to 1992 (3.0,

have been estimated at 63-98% for fall-runpostproject), and declined somewhat in 1993 (1.5)
chinook (California Department ofFish and Game(California Department ofFish and Game 1994c).I for late-fall-run chinook In CPUE 3.44 at CCF and 1.651993a), and 77-99% comparison, was

(Table 4). In mark-recapture studies, estimatedat the south Delta barriers during the same period,
mortality rate per mile in CCF was 91.3%, using identical gear.i with 2.7% for the central Delta andcompared
0.9% for the mainstem Sacramento River OCr=AN PREDATION
(between Ryde and Chipps Island). This

I difference was thought to result from the greaterOcean predation likely contributes to naturalvery
abundance of predators, primarily stripedbass, inmortality in naturally and hatchery-produced
CCF, as well as hydraulic actions and thechinook salmon stocks; however, the level of

I operational and physical design of CCF. Duringpredation is unknown. In general, chinook salmon
high tide, striped bass density in CCF has beenare prey for pelagic fishes, birds, and marine
estimated to be three to 17.5 times higher than themammals including harbor seals, sea lions, and

I density of striped bass in the Delta. At low tide,killer whales. There have been recent concerns
striped bass density in CCF has been estimated asthat rebounding seal and sea lion populations,
roughly five to 21 times higher than in the Delta.following their protection under the Marine

i Mammal Protection Act of 1972, have resulted in
substantial mortality for salmonids.

I Ocean predation rates on Central Valley chinook
salmon have not been evaluated, but several
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Summary of Clifton Court Forebay Prescreen Loss Studies
on Hatchery Juvenile Chinook Salmon

Prescreen Size at
Loss Rate Temperature Pump Predator Entrainment

Date Salmon (%) (avg/day°F) Exports Abundance (mm fl)
Run (avg. af/day)

Oct 76 Fall 97.0 65.4 2,180 NA 114
Oct 78 Late-fall 87.7 57.5 4,351 NA 87
Apr 84 Fall 63.3 61.2 7,433 35,390 79
Apr 85 Fall 74.6 64.1 6,367 NA 44
Jun 92 Fall 98.7 71.7 4,760 162,281 77
Dec 92 Late-fall 77.2 45.4 8,146 156,667 121
Apr 93 Fall 94.0 62.0 6,368 223,808 66
Nov 93 Late-fall 99.2 53.7 7,917 NA 117

NA = estimates not available

Source: California Department ofFish and Game 1993.

studies have been conducted in other estuaries. At GENERAL ANALYSIS OF STRIPED
the mouth of the Russian River, Hanson (1993) BASS PREDATION ON CHINOOK
found that maximum population counts of seals SALMON
and sea lions corresponded with peak periods of
salmonid returns to the hatchery upriver.Food habit studies conducted by numerous
However, Hanson concluded that predation wasinvestigators indicate that chinook salmon are not
minimal on adult salmonids because only a fewan important component in the diet ofslriped bass,
pinnipeds foraged in the area, their foragingalthough, at times, young salmon, primarily fall-
behavior was confined to a short portion of the
salmonid migration, and their capture rates wererun, have constituted a substantial part. Generally,
low. this has occurred in the Sacramento

River upstream of the estuary and has been
In the lower Klamath River, Hart (1987) reported localized at water management structures, bridge
predation rates of about 4% and 8% in 1981 and abutments, and other predator habitats. It also
1982, respectively, from harbor seals on chinook,occurs at structures that cause disorientation of
coho and steelhead. It is important to note thatjuveniles such as RBDD. In the Delta, it is a
marine mammal and chinook salmon populationsknown problem in CCF and at sites where large
evolved together and coexisted long beforenumbers of artificially produced chinook salmon
humans played a role in controlling either species,are released.

The studies reveal that, except at localized sites
and structures, striped bass are less likely to eat
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I
salmon in Suisun Bay and the Delta than in thethemselves among a more diverse array of
rivers above the Delta. The greater vulnerabilityavailable habitats.

I of salmon in the river may be a result of the
greater clarity and the smaller width of the river. PREDATION AND COMPETITION
In many areas, bank protection activities, such as WITH HATCHERY-REARED FISH

I maintaining levees and riprapping, have removed
SRA habitat and eliminated escape cover neededThe extent of predation by hatchery salmonids on
by young fish. naturally produced chinook salmon and steelhead

I is also not known. Steelhead releases, primarily
OPPORTUNITIES TO REDUCE by the Coleman National Fish Hatchery, may have

PREDATION the greatest potential for inducing unnatural levels

I of predation on naturally produced chinook
There have been only limited efforts to reducesalmon. Coleman National Fish Hatchery has a
predation problems. At RBDD, asquawfishderbycapacity to raise about one million yearling

I was held in 1995 to reduce squawfish abundance,steelhead. Present production targets a release of
However, this sport fishery is unlikely toabout 600,000 in January and February at 125-275
measurably alleviate predation from a nativemillimeters (mm) long (four fish/pound).

I migratory species. The fishery couldtemporarilyPredation on hatchery-produced steelhead is
reduce squawfishabundance, but more squawfishthought to be further reduced because these
are likely to repopulate the area. Sacramentosteelhead tend to outmigrate rapidly and during a

I squawfish are also more abundant at RBDDperiod when inriver foraging conditions are
during spring, and a spring fishery could causesuboptimal (i.e., high turbidity, low water
incidental catches of winter-run chinook, temperature).

I The preferred solution to reduce predation atPredation by residualized hatchery-released
RBDD is to eliminate or reduce the feeding habitatsteelhead, however, could be substantial. The

i that RBDD creates by seasonally or permanentlyextent of residualization of released steelhead
raising the gates. It is anticipated that the GCIDtrout smolts is unknown. With a potential annual
Hamilton City Pumping Plant will be redesignedrelease of more than one million steelhead trout at

I and relocated on the main channel of theColeman National Fish Hatchery, even a small
Sacramento River, upstream of its present locationrate of residualization could result in a substantial
on an oxbow. The new design will eliminatepredator population.
predator habitats and should substantially reduceI the existing level of predation and other problemsPredation from steelhead released by Feather
caused by stream channel and gradient changes inRiver Hatchery and Nimbus Fish Hatchery has not
the Sacramento River in recent years, been evaluated but may also be important. Each

i of these hatcheries has a capacity to raise about
Predation problems occurring in CCF may be400,000 yearling steelhead to a size of 3-4
resolved by alternative conveyance facilities thatfish/pound. Feather River Hatchery fish are

I reduce the quantity of water drawn directly intoplanted in the Feather River below Yuba City,
the forebay from the Delta. most by the end of March, and the Nimbus Fish

Hatchery fish are mainly trucked and released in

I Another important opportunity to reduce predation ’the Carquinez Strait between January and April
on target fish species is by recreating or restoring(California Department of Fish and Game 1990).
a more complex mosaic of instream habitats.Feather River hatchery steelhead are released at a

I These habitats can contribute to reduced predationlarge enough size and at a time when they could
and competition by allowing species to partitionintercept winter-run chinook. Nimbus Hatchery
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steelhead would also be large enough to prey onsmaller and competitors, such as mackerel, were
winter-run chinook salmon, abundant. But, in general, juvenile salmon do not

appear to be food-limited in coastal waters during
Chinook salmon and steelhead artificiallymost normal years (Brodeur et al. 1992, Peterson
produced at and released from hatcheries mayet al. 1982, Walters et al. 1978).
compete with (or displace) their naturally
produced counterparts for food or habitat in the VISION
river, estuary, and open ocean. The major source
of competition from hatchery salmonids in theThe vision for predation and competition is to
upper Sacramento River would be from releasesreduce unnatural levels to restore fish populations
from the Coleman National Fish Hatchery onby removing, redesigning, or reoperating inwater
Battle Creek. The extent of competition betweenstructures, diversion dams, and hatchery practices.
naturally produced chinook and releases from
other hatcheries is of particular concern. TheThe ERPP vision for unnatural levels of predation
extent of this competition is unknown but isand competition is closely linked to physical
believed to be low. The size differences betweenhabitat restoration objectives and targets in the
the various chinook salmon stocks may also resultvisions for the Sacramento River Ecological
in segregation according to size-dependent habitatManagement Zone, the Sacramento-San Joaquin
preferences because juvenile chinook salmon andDelta Ecological Management Zone, the San
steelhead move to faster and deeper waters as theyJoaquin River Ecological Management Zone, and
grow and do not compete with fry (Everest and
Chapman 1972).

the Suisun Marsh/North San Francisco Bay
Ecological Management Zone. In addition, the
visions for chinook salmon, steelhead trout,Competition between hatchery runs and naturallystriped bass, and artificial production contain

produced salmon in the ocean is most likelystrategies to ameliorate the adverse effects of
limited in most years. The ocean environment hascompetition and predation. Cumulatively, these
been assumed to be nonlimiting because,visions present a robust integration of
historically, the abundance of wild salmon wasimplementation objectives, restoration targets and
much higher than the combined abundances ofactions that will contribute substantially to the
wild and hatchery salmon at present (Chapmanrestoration and maintenance of a healthy
1986, Bledsoe et al. 1989), and standing stocksecosystem, and healthy populations of valuable
and production rates of prey resources were
estimated to far exceed the food requirements of

sport and commercial fisheries.

the present ocean populations (LaBrasseur 1972,
Sanger 1972). A number of studies have found | NTEGRATION WITH
evidence that ocean conditions may limit salmon OTHER RESTORATION
production and a substantial percentage of the
total natural mortality may occur during early PROGRAMS
marine life (Parker 1968, Mathews and Buckley
1976, Bax 1983, Furnell and Brett 1986, Fisher Three major programs to restore chinook salmon

and Pearcy 1988). However, in many populations,and steelhead populations exist within the Central

much of this mortality appears to occur in the firstValley. The Secretary of the Interior is required
month at sea regardless of the number of smoltsby the Central Valley Project Improvement Act
released. Brodeur et al. (1992) suggested that(Public Law 102-575) to double the natural
local depletion of resources could occur,production of Central Valley anadromous fish
especially offish prey in a warm year of reducedstocks by 2002. The National Marine Fisheries

productivity (e.g., in 1983) when prey were Service is required under the Endangered Species
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I Act to develop and implement a recovery plan for STRATEGIC O BJ ECTIVE.
the endangered winter-ran chinook salmon and to

i restore the stock to levels that will allow its TARGETS, AND
removal from the list of endangered species. DFG PROGRAM MATIC
is required under State legislation (The Salmon,

I Steelhead Trout and Anadromous Fisheries ACTIONS
Program Act of 1988) to double the numbers of
salmon and steelhead troutthat were present in the,~ The Strategic Objective for

I Central Valley in 1988. predation and competition is to
reduce the loss of juvenile

These programs, together with the ecosystem anadromous and resident fish

I approach provided in ERPP, will cumulativelyand other aquatic organisms from
provide for substantial improvements in the healthunnatural levels of predation in order to
of fish populations, their habitats, and theincrease survival and contribute to the

I ecosystem processes that create and maintainrestoration of important species.
habitat and lessen the adverse effects of stressors.

LONG-TERM OBJECTIVE: To rehabilitate man-

I LINKAGE WITH OTHER made structures in the to reduceecosystem
ECOSYSTEM ELEMENTS predation losses associated with those structures

to levels that will aid in the recovery and

I The solutions to reducing unnatural levels ofrestorationof all species.Reducecompetition
predation and competition are linked to improvedbetween naturally spawned and hatchery reared
hatchery management strategies which includespecies, by establishing hatchery protocols that

I reevaluation of release for hatchery benefit naturally spawned populations.programs
produced fish. The solution also include
modification to structures that promote predationSHORT-TERM OBJECTIVE: Reduce the effects

I such as predator habitat provided by instreamof predation associated with operations by better
structures. Some structures, such as RBDD,managing the State federal, and private
increase the vulnerability of young fish toinfrastructures associated with aquatic

I predation. The restoration of riparian and riverineenvironments. Modify physical characteristics
aquatic habitats, set back levees, and increases inof these facilities to detract from predator use.
the area and quality of shallow water habitatStudy the effects of hatchery reared population

I throughout the Delta and Suisun Bay will alsohave on naturally spawned populations within the
provide important ecological components to lessenERPP study area.
species interactionsand the potential for

I predation. RATIONALE: Predation related mortality
associated with the operation of State, federal,
and private facilities within the Sacramento-San

I Joaquin Estuary and its watershed contributes to
the decline of resident and outmigrant aquatic
species. Elevated predator levels in and near

I these man-made structures (screening facilities,
diversions, and Clifton Court Forebay) and
operational events (temperature plumes from

I power plants,) have been well documented.
These structures have created an environment
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that is beneficial to predators. Within Clifton¯ reducing shadows and turbulence created by
Court Forebay (CCF) predators have been dams, bridges, and diversions that attract
documented orienting themselves with the radial predator species,
gates when they are open, possibly feeding on
hapless prey as they are drawn into the forebaȳ replacing or supplementing rock revetment
(Bolster, 1986). In addition, striped bass have site with natural vegetation including shaded
been noted at the trash racks, in front of the riverine aquatic habitats,
primary screens, feeding on marked fish as they
are introduced into the water during a marked¯ restoring large blocks of riparian and shaded
recapture experiment (DFG unpublished data), riverine aquatic habitats along the mainstem
In studies done near the outfall of the cooling Sacramento and San Joaquin Rivers,
tower return and resulting thermal plume,̄ preventing predatory fish from congregating
predator populations have been demonstrated to below the Red Bluff Diversion Dam by
increase as compared to other non-thermally modifying operations,
elevated areas. Controlling these predators and
developing more efficient methods to limit thē improving fish passage through the flood
exposure of prey species to these facilities will control bypasses and eliminating low areas
assist in the recovery of both listed and non-listed with no connection to perennial water courses,
species.

¯ improving fish release sites used by the State
Considerable discussion exists as to the effect of and federal Delta fish salvage facilities,
hatchery reared fish on non-hatchery reared fish.
This information is not well documented and̄ reevaluating opportunities to reduce predation
future efforts will reguire additional information in Clifton Court Forebay,
to clarify the issue.

¯ evaluate alternate release strategies for
STAGt= 1 EXPt=eTATION: Projects will be Central Valley hatcheries to minimize
undertaken that identify and reduce predation interactions between hatchery and naturally
associated with the operation of both State, produced fish,
federal, and private facilities located throughout
the ERPPstudy area. Immediately, programs REFERENCES
will be undertaken that reduce the current level
of predation related mortality associated withBax, N.J. 1983. Early marine mortality of
facilities within the ERPP study area. marked juvenile chum salmon (Oncorhynchus

keta) released into Hood Canal, Puget Sound,
The general target is to develop and implement Washington in 1980. Canada Journal ofFish
hatchery practices to reduce the potential Aquatic Science40:426-435.
interactions and competition between artificially
produced and naturally produced chinook salmon,Bledsoe, L. J., D. A. Somerton, and C. M. Lynde.
steelhead,stripedbass,and otherresidentand 1989. The Puget Sound runs of salmon: an
estuarine fish. Predation and competition can be examination of the changes in. run size since
further reduced by restoring complex and diverse 1896. Canada Special Publication Fish
habitats throughout the mainstem rivers and Bay- Aquatic Science 105:50-61.
Delta.

Bolster, Betsy. 1986. Movement Patterns ofActions which can contribute to this vision
StripedBass(Morone saxatilis) Cliftoninclude:
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I
¯# CONTAMINANTS

I
and cold freshwater habitat, warmwater and
coldwater spawning, fish migration, and wildlife

i habitats.

Although cause-and-effect relationships between

I levels of contaminants and the abundance of
aquatic resources have not been conclusively
documented, ERPP envisions a restored, healthy
Bay-Delta ecosystem in which contaminant loads
and concentrations are reduced to levels that do
not interfere with primary and secondary

I productivity, nutrient cycling, and foodweb
support. Such a restored ecosystem would no
longer necessitate human health warnings about

I consuming fish and wildlife caught in the Bay-
Delta estuary.

I STRESSOR DESCRIPTION
INTRODUCTION

An estimated 5,000-40,000 tons of contaminants
I Contaminants are inorganic and organicenter the Bay-Delta annually. They are distributed

compounds and biological pathogens thataccording to complex flow patterns that are
introduce the risk of adverse physiologicalheavily influenced by inflow from rivers and the

I response in humans, plants, fish, and wildlifeamount of water being pumped from the Delta.
resources through waterborne or food-chainAlthough research conf’Lrms that toxicants are
exposure. Contamination by these compoundsaffecting lower trophic-level resources to varying

I may cause acute toxicity and mortality or long-degrees in the Bay-Delta, ecosystem- and
term toxicity and associated detrimentalpopulation-level effects are not well understood.
physiological responses, such as reduced growthResearchers disagree about the role that

I or reproductive impairment. Contaminant toxicitycontaminants have played in the current poor
has been documented in shellfish, fish, mammal,health of the Bay-Delta.
and bird species from the Bay-Delta. The most

I serious contaminant problems in the Bay-DeltaThere are four types of contaminants, inorganic,
and its mainstem rivers and tributaries come fromorganic, biological, and toxicity of unknown
mine drainage, agricultural drainage, and urbanorigin present in the Bay-Delta ecosystem.

I runoff. Inorganic contaminants are substances such as
heavy metals, phosphates, and nitrates that enter

ERPP recognizes that water quality in the Deltathe Bay-Delta ecosystem primarily in treated

I must be protected and improved for all beneficialmunicipal wastewater, induslxial effluent,
uses including municipal and domestic wateragricultural and mine drainage, and urban runoff.
supply, irrigation, stock watering, contact andHeavy metals in the water column usually occur in

I noncontactwater-relatedrecreation, hydroelectrictrace amounts. They do not break down
power generation, industrial service supply, warmorganically; however, even small amounts of some

I Volume I: Ecosystem Restoration Program PlanCt~’ED
~Y~a.T~ Vision for Contaminants

~ ~ June 1999

I 502

C--019388
C-019388



metals can be toxic. In addition, some metalsSacramento River Watershed and Delta because it
bioaccumulate within food chains in plant andleads to these water bodies not being in
animal tissue to levels that can be toxic to highercompliance with the Narrative Toxicity Objective
trophic organisms. The heavy metals of greatestof the Basin Plan.
concern in mainstem rivers and tributaries of the
Bay-Delta are cadmium, copper, mercury, andContaminants are present in varying degrees in the
zinc. water column and sediments of aquatic habitats in

all 14 ecological zones of the ERPP study area.
Organic contaminants such as polychlorinatedContaminants are suspected or known to adversely
biphenyls (PCBs), plastics, pesticides, fertilizers,affect the sustainability of healthy aquatic
solvents, pharmaceuticals, and detergents enter thefoodwebs and interdependent fish and wildlife
ecosystem primarily through urban andpopulations. They also may play a key role in
agricultural runoff. Because they decompose veryaltering the composition of biological resources
slowly, some organic contaminants (e.g., DDTwithin affected aquatic and wetland habitats.
and PCBs) remain in the environment for long
periods and may accumulate in aquatic foodwebsIn the Sacramento River Basin, acidic drainage
to levels that are toxic, water from abandoned mine tailings contribute

significant amounts of cadmium, copper, zinc, and
Biological pathogens, such as viruses, bacteria,mercury to tributaries and mainstem rivers that
and protozoans that cause disease, enter theeventually flow into the Delta. Acute toxicity
system through improperly treated municipalcaused by these trace metals has resulted in fish
sewage, septic systems, farm and feedlot runoff,kills, and long-term exposure is detrimental to
recreational boat discharges, and urban runoff. Ofgrowth and impairs reproduction. Of immediate
particular concern to humans are bacteria thatconcem is the potential hazard associated with
cause cholera, hepatitis, salmonella, and typhoid,mine drainages just upstream of the spawning area

for the endangered winter-run chinook salmon on
Elements causing toxicity in the Sacramento andthe Sacramento River. Because of elevated
San Joaquin river watershed and the Delta havemercury levels, the Bay-Delta, Clear Lake, and
not all bee identified in present evaluations. InLake Berryessa have consumer advisories for
approximately half of the toxicity tests conductedconsumption of fish. There are various mercury
in the Sacramento River watershed, the toxicitysources in the Sacramento River watershed
detected in test species has not been linked toincluding abandoned mines and Coast Range
specific chemicals. This is also true for about 30%geologic sources.
of the toxic samples collected in the Delta and San
Joaquin River watershed. In the San Joaquin River Basin, selenium leaches

into agricultural drainage water during intense
Since 1986, the Central Valley Regional Waterirrigation of selenium-rich soils. Selenium has
Quality Control Board and the California caused reproductive failure in sensitive fish
Department of Fish and Game have been testingspecies and developmental deformities in
the surface waters of the Central Valley forwaterfowl and shorebirds. Selenium is also
toxicity. Sediment testing has also occurred, butprevalent in the San Francisco Bay, resulting t~om
on a much more limited basis. Unknown toxicityoil refinery discharges. Loadings of selenium into
is of significantconcernbecause it indicatesthatthe Bay-Delta have caused an increase in
there exit agents which are bioavailable andconcentrations of these contaminants in benthic
causing toxicity that remain to be identified,invertebrate, fish, and wildlife populations.
Unknown toxicity is also an issue for theConcentrations of some contaminants in water,
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sediments, and biota of the Bay-Delta estuary arethere is an ongoing debate over the long-term
elevated compared with levels at reference sites,consequences to human health of chronic

exposure to low concentrations of many organic
In the Sacramento and San Joaquin River basins,contaminants. Reducing the impacts of toxic
runoff from agricultural crops, pasturelands, andcontaminants have been elevated to the status of a
orchards has introduced contaminants intospecific goal for the ERP.
tributaries and mainstem rivers, which ultimately
flow into the Delta estuary and Bay. VISION
Organophosphate insecticides, such as carbofuran,
chlorpyrifos, and diazinon, are present throughoutThe vision for contaminants is to ensure that all
the Central Valley and are dispersed inwaters ofmainstemriversandtributariesentering

the Bay-Delta, and all waters of the Bay-Delta, areagriculturaland urban runoff. Dormantspray
pesticides enter rivers in winter runoff and enterfree of high concentrations of toxic substances.
the estuary in concentrations that can be toxic toThe vision includes preventing, controlling, or
invertebrates. Although the use of these

reducing damaginglevels of high-priority
chemicals has been banned, organochlorinecontaminants by remediating mine wastes,
pesticides (e.g., chlordane, DDT, and toxaphene)minimizing boat discharges and dredging effects,

managing flows, restoring habitat, managingand organochlorinecompounds(e.g., PCBs)
persist in the environment. Because theywatersheds, and supporting existing programs for
accumulate in living organisms, they can becomecontrolling agricultural and urban point and
potent toxicants to fish and wildlife as they movenonpointsources.
up through the foodweb. Chlorinated pesticides
are still being detected in fish and wildlife withinERPP recognizes the complexities inherent in
the Delta and throughout the world, defining processes related to toxic substances and

biological responses in the Bay-Delta estuary,
Effluents from municipal and industrial sourceswhere processes operate over a wide range ofare common components of mainstem riversspace and time scales and flow regimes. The
entering the Delta Estuary and Bay. Theseprocess of ecosystem restoration would be
effluent flows may need to be reduced to restoreinitiated by implementing actions to prevent,
the health of native fish and wildlife by reducingcontrol, and reduce contaminant sources thatlong-term and acute effects that alter aquaticrepresent immediate or potential toxicological
foodwebs and impair the reproductive potential ofhazards to ecosystem processes. The following
these species, describes actions that would help to achieve the

ERPP vision for contaminants.

OPPORTUNITII=s One goal is to remediate abandoned mines that
contribute significant amounts of heavy metals,

~ONTmt~n-s tN THE CENT~L V~m.LEV: sediments, acidified water, and other pollutants to

Researchers frequently discover in bioassays thattributaries and mainstem rivers, thereby increasing

waters and sediments in various parts of thecontaminant loading to the Bay-Delta estuary.

system are toxic to fish and invertebrates.Water degradation from mine drainagewatercan

Although there is ¯ only limited evidencebe reduced by controlling runoff based on water

connecting these conditions to reductions inquality objectives for specific contaminants;
regrading, sealing, and reclaiming strip-minedabundance, this chronic condition does not seem

conducive to long-term restoration. Furthermore, lands by restoring physical habitat; or using
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biological or chemical inhibitors to reduce acidpartnerships between dischargers and regulators.
formation. Using this approach, incentives could be provided

to encourage improved source control, better
If necessary, financial incentives could beurban planning and development, and wastewater
provided to farmers who successfully implementrecycling projects that reduce contaminants.
practicesto reduce contaminant loading in Central
Valley waterways. The successful reduction ofDredging activities should be monitored and
rice herbicides in the Sacramento Riverpractices developed and implemented to reduce
demonstrates that it is possible to successfullythe release and resuspension of toxic substances in
control nonpoint-source contaminants throughcontaminated sediments and the discharge of
cooperative efforts by farmers and regulators, contaminated water from dewatering operations.

Studies are needed to evaluate opportunities for
Land use conversion for habitat restoration has thereuse of dredged material for proposed ERPP and
potential to help reduce pesticide, herbicide,other habitatrestorationprojects.
mineral salt, and trace element loadings.
Converting land from agricultural uses to nativeWetlands management should be considered as a
wetland and upland habitats would reduce thepossible means to improve water quality by
concentrations and loads of contaminantscontrolling natural, wastewater, and stormwater
associated with current agricultural uses.contaminants. Wetlands can retain contaminants
Modifying current fanning practices in other areasor reduce loadings by converting contaminants
to be more "wildlife friendly" by changingthrough biochemical processes to less-harmful
cultivation practices, introducing postharvestforms; wetlands also stabilize sediments. Without
flooding, and reducing pesticide and herbicideproperly managing contaminants, however,
application rates would also support reductions inwetlands can degrade and subsequently threaten
contaminants that could affect adjacent aquaticthe food chains they support.
resources.

Risks of bacterial and viral contamination from
ERPP also proposes to reduce the concentration ofdomestic wastewater could be reduced by
contaminants entering the Bay-Delta and itsenforcing boat-discharge regulations in the Bay-
tributaries by improving drainwater management.Delta estuary and tributaries, reducing recreational
Measures could include reusing drainwater,overuse and building of recreational homes near
managing groundwater, scheduling releases to thestreams or Delta waterways, and endorsing
San Joaquin River to coincide with flowswastewater reclamation projects.
sufficiently large to dilute concentration or
acquiring dilution flows from willing sellers,Point- and nonpoint-source contaminants can be
installing drainwater evaporation systems, andreduced by developing or implementing existing
encouraging on-farm bioremediation using flow-watershed management plans that effectively
through systems. Potential lands to be evaluatedreduce contaminant loadings affecting ecosystem
for retirement could include areas where soilsprocesses. Management practices that reduce
drain poorly; overlay shallow, selenium-ladenloading include reducing contaminant loading to
groundwater tables; or are only marginallyreservoirs, protecting groundwater, controlling
productive, erosion, reclaiming mines, better planning for land

use, controlling animal waste, and screening and
Reducing urban and industrial contaminantidentifying nonpoint-sourcecontaminants.
loading to the Bay-Delta estuary could be
accomplished by assisting formation of
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I
Studies are needed to determine if sediments incontaminant loading to the Bay-Delta, prim.arily
the Bay-Delta are toxic. Successfully reducingby controlling point-source discharges from

I contaminant loadings will require working closelymunicipal wastewater treatment plants and
with agencies that have regulatory authority toindustrial facilities. Monitoring programs that
develop water and sediment quality objectives foridentify long-term trends in contaminants found in

I contaminants of concern for which none haveecosystem biota have helped to guide restoration
been set. efforts. Current programs in the Bay-Delta are

b.egirming to focus on assessing the toxic effects
i | NTEGRATION WITH on ecosystem processes, identifying transport and

fate of toxic substances, and quantifying
OTHER RESTORATION ecological responses to toxic substances.

PROGRAMS
Many agency and organizations are concerned

The CALFED Water Quality Program goal is to with the quality of water in the Central Valley and

provide good water quality for environmental,have implemented or assist in water quality

agricultural, drinking water, industrial, andmonitoring and remediation programs. The total

recreational beneficial uses. The water qualitylist is extensive and a few of the major elements

i program includes programmatic actions to reducefollow:

water quality degradation for agricultural
drainage, urban and industrial runoff, acid minē National Water Quality Assessment Program

i drainage, wastewater and industrial discharges,
and natural sources which affect Bay-Delta.water      ¯ Clean Water Act
quality.

i ¯ Porter-Cologne Act

The geographic scope of the CALFED Water
Quality Program is the legally defined Delta. This̄ State Water Resources Control Board’s D-

i program is developing a strategy to resolve water 1485,1978 Water Quality Control Plan, and

quality problems that affect beneficial uses of the 1995 Water Quality Control Plan

estuary. Included in this strategy is the intent to

I resolve water quality problems for certain species̄ Federal Lead and Copper Rule

(e.g., anadromous fish) that inhabit the Delta but
may be impacted at different life stages bȳ California Nonpoint Source Program.

i conditions outside the Delta. In resolving the
water quality problems of the Delta, CALFED LINKAGE WITH OTHER
may undertake actions throughout the ERPP StudyECOSYSTEM ELEMENTSArea.

Other ongoing water quality and contaminantThe presence of contaminants in the Bay-Delta

monitoring programs are administered by thesystem can adversely impair efforts to restore fish,

California Department of Water Resources, Statewildlife, and plant species to a healthy state. The

Water Resources Control Board and the regional
individual species affected vary throughout the

water quality control boards, U.S. Environmentalsystem and the adverse effects or presence of

I contaminants varies as well. For example,Protection Agency, U.S. Geological Survey, local
juvenile winter-run chinook salmon rearing in the

Water districts, and many other local agencies and
Sacramento River below Keswick Dam can be

i organizations. Some of these programs have
made significant progress in controlling harmed by heavy metals originating from Iron
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Mountain Mine. Lower in the system, all aquaticorganisms, both acute and chronic. These same
organisms can be adversely effected after stormscompounds can have effects on human health, so
by runoff of acute levels of pesticides applied inreducing their entry into the aquatic systems
the late winter and early spring to orchards,should have positive health benefits as well.
Riparian communities can be adversely effectedReducing concentrations of toxic contaminants in
by overspray of herbicides, the aquatic environment is not easy because it will

require broad changes in land management

STRATEG!C OBJECTIVE, practices and pest control practices in agricultural
and residential areas. It will require reductions in

TARGETS, AND the risk of contamination from pesticide use

PROGRAMMATIC through reduction in the amount of pesticide
applied, and changes in the types of pesticides and

ACTIONS                   methods of application to reduce their ability to
contaminate aquatic ecosystems. Changes in

There are four Strategic Objectives that addressindustrial practices that result in contaminants
contaminants, being released (e.g., hydrocarbons from oil

refineries) will also be required.
The first Strategic Objective is

~ to reduce the concentrations STAGE 1 EXPECTATIONS: Strategies and
and Ioadings of contaminants financial incentives will have been developed and
in all aquatic environments in implemented that reduce the risk of contamination
the CALFED region, of toxic materials. Examples include the proper

use of pesticides within Integrated Pest
Management (IPM) frameworks, proper disposalLONG-TERM OBJECTIVE:       Reduce      of unused products and containers, and

concentrations and loadings of contaminants tominimization of the movement of pesticides
levels that do not cause adverse affects on alloff-site. The monitoring of contaminants should
organisms andecosystems in theaquatic be substantially increased, both as applied and in
environment, the environment to get a better handle on what is

going where and on the association of
SHORT-TERM OBJECTIVE: Reduce contaminants with declines of aquatic species.concentrations and loadings of contaminants that

Annual goals will have been established for theaffect the health of organisms and ecosystems in
reduction of concentration of selected

water and sediments to the extent feasible basedcontaminants in theenvironment(e.g.,carbofuran,on benefits achieved, cost and technological
ehlorpyrifos, diazinon, hydrocarbons, selenium)feasibility, and monitoring programs set up to determine

RATIONALE: A wide variety of pesticides
success ofreductionprograms.

including herbicides, fungicides, algicides and
other toxic materials enter the aquatic~,                The second Strategic Objective
environment of the Bay-Delta from many sources./~ for contaminants it to develop
The number and variety of contaminants entering

/~                regional plans to reduce thethe rivers and estuary is poorly known, as are their ~ effects of non-point source
toxic effects, in part because the amounts and contaminants.
kinds are constantly changing. However, there is
good reason to think that toxic compounds areLONG-TERM OBJECTIVE: Implement
having many negative effects on aquatic      watershed management plans for all watersheds in
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the Central Valley in the Delta to reduce orSHORT-TERM OBJECTIVE: Identify major
eliminate contaminant loads flowing into aquaticsources of contaminants (e.g., heavy metals) in the
ecosystems, flesh of harvested fish and invertebrates to see if

reduction in sources of contaminants is likely to
SHORT-TERM OBJECTIVE: Assist existing reduce contaminant loads in fish, wildlife and
programs and encourage new watershedinvertebrates.
management programs to develop watershed
managementplans to reduce or eliminate ~,TION,aa.E-" Many resident fish, wildlife and
contaminant loads flowing into aquatic invertebrates contain levels metalshigh of heavy
ecosystems, and other contaminants, resulting in warnings that

their consumption may be harmful to human
RATIONALE: Contaminants from agricultural, health. Elimination of this contamination in the
industrial, and urban runoff are potentially majorshort run is unlikely, but systematic reduction of
sources ofmortalitytoaquaticorganismsandcansources may eventually make all harvested
cause damage to aquatic ecosystems that is oftenorganisms in the estuary and watershed safe to eat.
hard to detect and regulate. Therefore, the bestIn some cases, such as mercury, reduction of loads
approach to the regulation of non-point sourceto safe levels may be extremely difficult because
contaminants seems to be cooperative watershedof deposits in sediments and through absorption
plans with built-in incentives for reducingand bioaccumulation, but strategies to reduce
contaminant loadings of waterways, anyconcentrations are still needed.
watershed management programs in the Bay-Delta
have been successful and they STAGE 1 EXPECTATIONS: Major sources of

contaminants in fish will have been identified and
STAGE 1 EXPECTATIONS: The CALFED drainage-specific plans developed to reduce their
Watershed Management Program will assistentry intotheecosystems.
existing watershed programs and encourage the
formation of new watershed groups in achieving~. The fourth Strategic Objective
these objectives. Using existing data and

~                for contaminants is to reduceanalyses, major watersheds in the Central Valley to acceptable levels the release
will have been rated or ranked according to the of oxygen-depleting
amount they are impaired by contaminants. Planssubstances into aquatic systems
to reduce contaminant loads in at least 10throughout the CALFED region.
watersheds for which such plans do not exist at
the present time should be developed an
implemented. LONG-TERM OBJECTIVE: Eliminate runoffand

discharges that contain undesirable concentrations
of animal wastes, and other substancessewage,

~
The third Strategic Objective that can deplete oxygen levels in streams and
for contaminants is to reduce sloughs.
contaminant loads in harvested
organisms.                      SHORT-TERM OBJECTIVE: Identify major

sources of oxygen-depleting substances
LONG-TERM OBJECTIVE: Reduce contaminant throughout the CALFED region and develop
loads in harvested fish, wildlife and invertebratesstrategies for their reduction; reduce the aquatic
from the Bay-Delta system so that they are safeareas regarded as degraded by animal waste,
for consumption, sewage, and other organic substance.

~" ~-m
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!RATIONAt.E: As a result of the Clean Water Act, ¯ improving irrigation and tillage techniques,
Safe Drinking Water Act, Toxic Substance Act,
etc., local, regional, State and federal agencies̄ placing areal restrictions on pesticide spray 1
have greatly decreased the amount of and using integrated pest management to lll

contamination of California’s waters by sewage, reduce pesticide use and consequent discharge
animalwastes, and other substances that deplete to waterways during rainstorms, 1
oxygen in the water. These organic materials I1

cause rapid eutrophication, resulting in fish kills̄ improving fertilizer application technologies,
1

and dominance by undesirable organisms. Such 1
contamination, although diminished, is still̄ altering the amount of time pesticides are
common and needs to be reduced further, present, and
especially from agricultural sources. For example, 1
low oxygen levels in the lower San Joaquin River̄ improving water-use efficiencies.
are often a barrier to the movement of salmon and
other fish. It is worth noting, however, that release REFERENCES 1
of organic nutrients into aquatic systems is not
necessarily always harmful, especially if theCutter, G.A. 1989. The estuarine behavior of
nutrientsderivedfromhumansourcesessentially selenium in San Francisco Bay. Estuar., 1replace those no longer entering the system from Coast. and Shelf Science 28:13-34.
natural sources.

Gunther, A.F., J.A. Davis, D.J.H. Phillips, K.S.
iSome East Coast estuaries have experienced

Kramer, B.J. Richardson, and P.B. Williams.problems with pathogens that appear to be related
to eutrophication and oxygen depletion. Although

1989. Status and trends report on dredging
1and waterway modification in the San

there are reasons not to expect these problems in Francisco Estuary. San Francisco Estuarythe Bay-Delta system, any indication of such Project.
problems should elicit a rapid response to 1
investigate and control these problems.

San Francisco Regional Water Quality Control
Board. 1992. Mass emissions reductionSTAGE 1 EXPECTATIONS: Sources or areas of strategy for selenium. Staff Report. October

Iproblem releases of oxygen-depleting substances 12, 1992.54 p0will have been identified and incentive programs
developed to reduce the amount of organicStrategic Plan for Ecosystem Restoration. 1999.

1contamination coming from agricultural, Appendix to the CALFED Bay-Delta Program ll
industrial, and residential areas.                         Environmental     Impact     Statement

/EnvironmentalImpactReport.June1999.
The general target for contaminants is to reduce 1
loading, concentrations, and bioaccumulation in

Varanasi, U., E. Casillas and J. Stein. 1993.the food chain to levels that do not impair other Contaminant levels and associated 1efforts to restore health to fish, wildlife, and plant
biochemical effects in out migrating juvenile

populations in the ERPP Study Area. chinook salmon in San Francisco Bay. Final
report - Year 1, Envir. Conserv. Div., NW 1Agricultural point- and nonpoint-source controls
Fisheries Science Center, NMFS, NOA_A,on pesticides, herbicides, mineral salts, and trace Seattle, Wa. 20 pp. + appendices.

elements could be achievedusing best
management practices such as: ¯
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!
¯ FISH AND WILDLIFE HARVEST

i                                                            abundance. Opportunities for increased access for
public hunting may also increase as a result of

I some proposed actions. For example, restoration
of wetland and upland habitats would involve
acquiring lands throughconservation easements or

i purchase from willing sellers and, depending on
the conditions of such agreements, access for
hunting may be provided.

I
Harvest management tools include regulations that
control daily and seasonal bag limits, size limits,
limits based on sex, gear restrictions, and open
and closed harvest seasons based on time or
location.

i
STRESSOR DESCRIPTION

I Controlling harvest, in and of itself, is unlikely to
INTRODUCTION restore fish and wildlife populations to a

sustainable healthy state. The present harvest

I Many Central Valley fish and wildlife speciesmanagement processes are sufficient to protect
whose populations are declining are not harvestedspecies and allow population increases by
commercially orrecreationally(e.g., delta smelt),restoring ecological processes that create and

i This suggests that underlying problems withmaintain habitats. The possible exception is
ecosystem processes and functions and habitatrelated to chinook salmon and modestly reducing
conditions throughout the Bay-Delta watershedharvest of this species may make a significant

I are primary causes of the decline, contribution to restoring populations to desired
levels. ERPP visions for chinook, salmon,

For many populations, it is highly likely thatsteelhead, and striped bass emphasize reactivating

I harvest restrictions, in the absence of an integratedor improving ecosystem processes that create and
ecosystem management program, will have littlemaintain the habitats that support fish and wildlife
benefit in the long-term sustainability of thesepopulations. Conservative harvest strategies

I species, during the period when habitats are being restored
will accelerate the rebuilding of fish and wildlife

Under current harvest levels, harvest is not apopulations.

I sla-essor limiting populations of waterfowl and
upland game in the Bay-Delta. Proposed SALMON HARVEST
restoration of wetland and upland habitats is
expected to increase resident and winteringIn addition to applying the principles of traditional
waterfowl and upland game populations,harvest management, it is necessary to consider
However, the Ecosystem Restoration Programthe complexities of the interactions and

I Plan (ERPP) anticipates that harvest levels woulddependencies between harvest, health of habitat,
also increase in response to increased speciesand the overall productivity of individual salmon
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populations. Harvest influences salmonOne harvest strategy may be to implement a
productivity by reducing the number of adult fishselective ocean fishery for hatchery stocks to
in the spawning population, the age structure ofreduce the harvest of naturally produced stocks.
the spawning population, and the overall fecundityThis would require the mass marking of all
(fertility) of the population because older femalehatchery chinook produced at Central Valley
fish are generally larger and carry more eggs. Inhatcheries and perhaps in the Klamath basin,
a much broader perspective, harvest managementTrinity basin, and southern Oregon. Another, and
should strive to protect the productive capacity ofperhaps more realistic option, may be to consider
individual salmon stocks by pursuing theeconomic incentives for commercial and
reasonable and essential objective of protectingcharterboat operators, as well as local businesses
the genetic diversity of salmon populations upondependent on fishing to offset negative economic
which production ultimately depends, impacts associated with highly restrictive fishing.

Extensive ocean recreational and oceanBefore 1986, harvest rates were estimated at 65-
commercial troll chinook salmon fisheries exist75% (PFMC 1996), which may have been too
along the California central coast, and an inlandhigh to support a sustainable fishery. Beginning
recreational fishery exists in the Central Valley.in 1986, harvest rates increased coincidently with
Support of these economic and recreational usesthe closure of the fishery north of Fort Bragg,
is an important component in the overall effort toCalifornia. This fishery was closed to meet
restore and maintain ecological health of theharvest-sharing obligations on Klamath River
Central Valley ecosystem. Elimination of chinookstocks to Native American Tribes. This closure
salmon harvest will not restore ecological healthshifted the ocean troll fishery south to the Central
to the system. Likewise, restoring ecologicalValley indexarea.
processes in the absence of conservative short-
term harvest management may not provide for aMany conservation biologists believe that a
sufficiently rapidrebuildingofnaturallyspawningharvest rate of about 67% is a sustainable,
chinook stocks. However, past observationsconservative level for naturally spawning stocks,
indicate that Central Valley chinook populationsif quality habitat conditions exist inland.
have the ability to rapidly increase in size whenHatchery-produced stocks can support higher
there are the required riverine habitat conditionsrates, but sustaining high rates in the ocean mixed-
and sufficient flows for juvenile rearing andstock chinook fishery also requires high harvest of
emigration, naturally produced stocks.

Overall chinook salmon harvest rates must beIn 1996, the Pacific Fishery Management Council
consistent with the ERPP goal of rebuilding(PFMC) increased the minimum size limits and
important salmon stocks as evaluated using thedecreased season length in both recreational and
Cohort Replacement Rate method. Generally,commercial fisheries. These actions were
stable chinook populations will exhibit a long-implemented to reduce the fishery impacts on
term average cohort replacement rate of 1.0.winter-run chinook salmon by 50%. Reducing
During rebuilding (which may require 10-15 harvest is one of several major elements that will
years), harvest and inland conditions will becontribute in both the short and long term to
improving and rebuilding will require an averagerestoring healthy fish populations, but it will not
replacementrate greaterthan 2.0 for the less contribute to restoring health of important
abundant runs such as the winter run and springecological processes, functions, and habitat.
run. According to available information, it appears that

sustainable chinook salmon fishery can bea
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maintained if habitat conditions and ecosystemoperators to offset negative economic effects of
processes are restored throughout the Bay-Deltashort-term reduced harvest.
watershed, and if the ocean harvest index on
naturally producedfall-runchinook salmon stocksAttainment of the ERPP vision for chinook
is reduced by 10% below present levels, salmon harvest will rely on actions by the

California Fish and Game Commission and
Alternative actions that may support harvestPFMC. PFMC and seven other regional councils
reductions include a selective fishery that targetswere created by the Magnuson Fishery
only externally marked chinook salmon and thatConservation and Management Act in 1976. Their
releases unmarked fish. Selective fisheries canprimary role is to develop, monitor, and revise
reduce harvest rates on unmarked fish by as muchmanagement plans for fisheries conducted within
as 70-80% for types with low release and 3 to 200 miles of the United States coast. PFMCgear
dropoff (shaker) mortality rates. However, the develops plans for ocean fisheries off California,
reduced harvest rates can be as little as 10-50%Oregon, and Washington.
for gear types with high release and dropoff
mortality rates. The application and benefits of aThe ocean salmon fisheries off Washington,
selective fishery for the central California coastOregon, and California have been managed by the
ocean mixed-stock fishery are unknown. ThePFMC since 1977 by using Fishery Management
potential effectiveness of a selective fishery inPlans (FMP). Since the beginning of the 1985
increasing spawning escapements of unmarkedseason, the ocean salmon fishery has been
fish depends on thefollowingfactors: managed by a framework FMP that allows

flexibility to adjust annual regulations in response
¯ the proportion of a naturally spawning stock to varying stock abundance.

that would be harvested by the fishery in the
absence of selective regulations,                 The framework FMP contains fixed management

objectives and goals that guide the PFMC’s choice
¯ the impact of nonselective fisheries thatof flexibleannual management measures. Within

harvest unmarked fish that are released inspecified limits, PFMC may vary season length,
selective fisheries, ¯ management boundaries, bag limits, gear

restrictions, and quotas annually to achieve the
¯ the degree to which reduction in totalfixed objectivesoftheFMP. Some ofthemajor

abundance caused by mortality resulting fromprovisions of the FMP are a description of the
application of tags or other distinguishingsalmon stocks comprising the management unit,
marks increases harvest rates in nonselectivemanagement objectives, and escapement goals and
fisheries that operate under catch quotas orprocedures for determining and allocating ocean
bag limits, and harvests and in-season management procedures.

¯ the magnitude of harvest rate reductionsIt is important to distinguish ERPP’s vision for
resulting from the selective fishery, chinook salmon and the roles and responsibility of

other management authorities, particularly PFMC.
In addition to considering the potentialAlthough ERPP provides a long-term
implementation of a mass marking and selectivecomprehensive plan to restore the ecosystem
fishery along the California coast, ERPP is alsohealth of the Bay-Delta system, the harvest
considering the feasibility of providing economicmanagement objectives of PFMC are to:
incentives for commercial and charterboat
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¯ establish ocean harvest rates for commercial̄ Assume a more aggressive role in protecting
and recreational fisheries that are consistent and enhancing anadromous and marine fish
with requirements for optimum spawning habitat. PFMC will play a leadership and
escapements, treaty obligations, and coordination role to support the agencies
continuance of established recreational and having management responsibilities and
commercial fisheries within the constraints of authorities.
meeting conservation and allocation
objectives. ¯ Manage for viable salmon stocks and

maintaingenetic diversity. PFMC recognizes
¯ minimize fisherymortalitiesforthose fish not that in areas of importance to particular

landed from all ocean salmon fisheries as stocks, habitat degradation and water
consistent with optimum yield; development may leave no alternative but to

manage for hatchery production or a
¯ manage and regulate fisheries so the optimum combination of hatchery and natural

yield encompasses the quantity and value of production.
food produced and the recreational, social,
and economic values of the fisheries; ¯ Strengthen its efforts to work with other

jurisdictions, both domestic and international,
¯ develop fair and creative approaches to to manage stocks of fish over their entire

managing fishing effort and evaluate and range.
apply management systems as appropriate to
achieve these management objectives; ¯ Strongly support development of concepts and

practices for managing mixed-stock and
¯ achieve long-term coordination with the multispecies complexes and rebuild those

member states of PFMC, the treaty Native complexes to best meet the economic and
American tribes, and management entities that allocation objectives of PFMC.
are responsible for salmon habitat or
production in the development ofa coastwide¯ Support additional data collection and
salmon management plan; analyses that will improve the basis for

managementmeasures.
¯ manage in a manner consistent with any

United States-Canada salmon treaty; and ¯ Develop management measures that constrain
incidental catches of fish and other animals

¯ support the enhancement of salmon stock within acceptable limits while target species
abundance in fishing-effort management are being harvested.
programs to facilitate a return to economically
viable and socially acceptable commercial, STEELHEAD TROUT HARVEST
recreational, and tribal seasons.

The harvest of both naturally and hatchery-
In addition to its management objectives, PFMC produced juvenile steelhead takes place
has established a set of conservation goals, manythroughout the Sacramento basin. Juvenile
of which are consistent with ERPP. Inharvest is not desirable because it reduces the
recognizing that maintenance of a healthyfuture adult population size, the opportunity for
resource is necessary to achieve continuinganglers to harvest adult steelhead, and the overall
benefits to the nation, PFMC will adhere to the productivity and fecundity of spawning
following conservation goals: populations.
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i
More restrictive angling regulation may be       ERPP supports the legal harvest of striped bass

i necessary to protect steelhead from overharvestbecause it has not caused the decline in abundance
and still allow anglers the opportunity forthat hasoccurredsincethe 1960sand 1970s. At
continued sport fishing. The following elementsthe same time, efforts to curtail illegal harvest
might be considered as additional protective(taking undersized fish and catching over limits)I measures for steelhead: catch-and-release fishingshould be vigorously continued. The goal of
only, catch-and-release fishing where hooked fishincreased legal harvest should be attained by
are not removed from the water to decreasemaintaining present angling regulations while

size limits to either the abundance of adult fish.handlingmortality, protect increasing Although
juvenile fish or larger adult spawners, and barblessangler participation most likely will expand as
hooks to reduce latent mortality, fishing success increases, it is anticipated that

I present angling regulations keepwill harvestrates
ERPP supports special recognition of theat sustainablelevels(<20%).
steelhead fishery of the Yuba River as anI important wild steelhead fishery. As part of this WHITE STURGEON HARVEST
recognition, regulations should be enacted to
protect this valuable stock while allowingWhite sturgeon provides for an important

I controlled angling opportunities that have arecreational fishery in the Bay-Delta. Although,
minimal adverse effect on the spawningcommercial fishing for sturgeon is prohibited in
population. ERPP also supports prohibiting theCalifornia, historical accounts indicate that

I harvest of juvenile steelhead and rainbow trout incommercial fisheries greatly reduced west coast
the Yuba River while providing anglers withsturgeon populations, including the Sacramento-
opportunities for catch-and-release fishing forSan Joaquin population, in the late 1800s. As a

I wild steelhead in other streams, result, all sturgeon fishing was prohibited in 1917;
the fishery was reopened in 1954 to sport angling

STRIPED BASS HARVEST only. With the exception of 1956 to 1963, when

i the minimum size limit was raised to 50-inch total
Adult striped bass support the most importantlength (TL), the sport fishery had the same
sport fishery in the Sacramento-San Joaquinregulations from its inception until 1989: a year-

I estuary, and the condition of this fishery isround season, 40-inch TL minimum size limit and
publicly recognized as a barometer of the status ofa one-fish-per-day creel limit.
the estuary and its biological resources.

I Statewide, more than 400,000 anglers fish forAlthough fluctuations in legal-sized white
striped bass and most of this effort is directed atsturgeon abundance have been primarily
the Sacramento-San Joaquin estuary population,dependent on variable recruitment, historical

I Unfortunately, because of the depressed state ofdepletion by the commercial fishery indicates that
the population, the present annual harvest ofthe population is readily subject to overharvest.
striped bass from the Sacramento-San JoaquinConsequently, a 40% increase in the average

I system is only about 80,000 fish. Recent annualannual harvest rate from 7% in the 1960s and
harvest rates have ranged from 9-14%. In the1970s to 10% in the 1980s was cause for concem
early 1970s, when striped bass were moreand was the impetus for angling regulation

i abundant and more anglers fished, harvest rates ofchanges in the early 1990s. Starting in 1990, a
16-24% led to the harvest of more than 300,000 maximum size limit of 72 inches was instituted
legal-sized fish annually. Annual harvest mayand the minimum size limit was increased in 2-

i have reached 750,000 fish fromthe high inch annualincrementsuntilitreached46inches
populations of the early 1960s. in 1992. This slot limit is designed to protect

I
~ ~
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older, more productive fish and younger fish thatBy its very nature, illegal harvest is difficult to
will be recruited into the spawning population andcontrol or eliminate. ERPP envisions that the
also to reduce overall harvest. California Fish and Game Code will be enforced

by increasing law enforcement officer staff and
These angling regulations have achieved theirthat reductions in the illegal take of fish and
purpose; estimated harvest rates have been <3% inwildlife could make important contributions in
recent years. Therefore, ERPP envisionsrebuilding depleted stocks. ERPP also envisions
supporting the present harvest strategy thatthat directed enforcement is only one avenue to
protects the white sturgeon from overexploitationreduce illegal harvest and that a strong public
while providing anglers with a sustainable trophyeducation program is critical to the success of the
fishery, enforcement effort.

HARVEST OF WILDLIFE VISION

current harvest levels, harvest is not aThe vision for fish and wildlife harvest is toUnder
stressor limiting populations of waterfowl andsupport strategies that maintain a sustainable
upland game in the Bay-Delta. Because proposedcommercial and recreational chinook salmon
restorationof wetlandand uplandhabitatsis fishery in a manner consistent with the recovery;
expected to increase resident and winteringof individual stocks; steelhead trout harvest
waterfowl and upland game populations, however,strategies that fully protect naturally spawning
ERPP anticipates that harvest levels would alsostocks while redirecting harvest to hatchery-
increase in response to increased speciesproduced stocks; the continued legal harvest of
abundance. Opportunities for increased access forstriped bass and reduction of illegal harvest; and
public hunting may also increase as a result ofthe present white sturgeon harvest strategy, which
some proposed actions. For example, restorationprotects the species from overexploitation while
of wetland and upland habitats would involveproviding a sustainable trophy fishery.
acquiring lands through conservation easements or
purchase from willing sellers and, depending onThe vision for salmon harvest is to implement
the conditions of such agreements, access forstrategies that support and maintain sustainable
hunting may be provided, commercial and recreational fisheries. Achieving

this vision would be consistent with ecosystem
ILLEGAL HARVEST OF FISH AND restoration and recovery of endangered species

WILDLIFE and species of special concern. ERPP proposes
both short-term and long-term strategies for

The illegal harvest offish and wildlife is known toharvesting chinook salmon.
be a problem throughout the Bay-Delta watershed.
It may range from the illegal take of adult spring-The short-term strategy is to support the
run chinook salmon from their oversummeringrebuilding of chinook salmon stocks to desired
habitats in the upper sections of stream tributary tolevels by reducing harvest of naturally produced
the Sacramento River, to the illegal take offish.
undersized striped bass in the Delta. Illegal
harvest can also be in the nature of a moreThe long-term strategy is to increase chinook
commercial activity such as using gillnets to catchsalmon populations by restoring important
adult salmon, sturgeon, and striped bass in theecosystem processes and reducing or eliminating
Delta for sale and profit, stressors that cause direct and indirect mortality.

In the long-term vision, ERPP anticipates
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I sustainable ocean commercial harvest landings ofreduce the adverse effects to a level consistent
750,000 to 1,500,000 chinook salmon and with restoring fish and wildlife populations.I recreational landings of 500,000 to 750,000 per
season. | NTEGRATION WITH

I The vision for steelhead is harvest OTHER RESTORATIONtrout tosupport
strategies that fully protect naturally spawning PROGRAMS
stocks while redirecting harvest to hatchery-I produced require a marking Three major programs to restore chinook salmonstocks. Thiswill
program similar to the mass marking programand steelhead populations exist within the Central
proposed for chinook salmon, except the numberValley.I of fish to mark would be lower. In this vision,
adult steelhead harvest would be directed tō The Secretary of the Interior is required by the

i
steelhead produced at Coleman National Fish Central Valley Project Improvement Act to
Hatchery on Battle Creek, Feather River Hatchery double the natural production of Central
on the Feather River, Nimbus Hatchery on the Valley anadromous fish stocks by 2002
American River, and Mokelumne River Fish (USFWS 1997).I Installation on the Mokelumne River. Harvest of
these stocks would also occur on the mainstem of̄ The National Marine Fisheries Service is
the SacramentoRiver. required under the federal Endangered

I Species Act to develop and implement a
The vision for striped bass harvest is to support recovery plan for the endangered winter-run
artificial production needed to sustain annual chinook salmon and to restore the stock to

I recreational harvest of about 20% of the adult levels that will allow its removal from the list
population. The vision for striped bass is closely of endangered species (NMFS 1997).
integrated with visions for other ecosystem

I elements that will contribute to higher survival of̄ The California Department of Fish and Game
resident, estuarine, and anadromous fish. This is required under State legislation (The
higher survival will be achieved through extensive Salmon, Steelhead Trout and Anadromous
habitat restoration, reduction or elimination of Fisheries Program Act of 1988) to double the
stressors, and the reactivation of ecological numbers of salmon and steelhead trout that
processes that create and maintain habitats. were present in the Central Valley in1988

I (Reynolds et al. 1993, McEwan and Jackson
The vision for white sturgeon is to support the 1996).
annual recreational harvest of less than 3% of the

I adult population which will protect populationIn addition the Fish and Game Commission adopts
while providing opportunity for a trophy fishery, regulations for the harvest of fish and wildlife,
The vision for white sturgeon is also closelysets seasons, bag limits, closed areas, gear

i linked to the visions for Central Valleyrestrictions and a variety of other tools to control
streamflows, habitat improvement, and the ’the harvest of fish and wildlife species. The
reduction of elimination of stressors that causePacific Fishery Management Council annually sets

i direct and indirect mortality to young fish. harvest regulations for the areas along the Pacific
Coast south of British Columbia.

The vision for illegal harvest is that increased
enforcement efforts and public education will

!
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LINKAGE WITH OTHER Restoration Plan for their respective species.
Maintain self-sustaining populations of native

ECOSYSTEM ELEM ENTS wildlife so that opportunities exist for viewing and
hunting throughout the ERPP study area.

One of the most important components of the
ERPP is restoring health to fish populations in theSHORT-TERM OBJECTIVE: Areas within the
ERPP Study Area. Some of these species, such asSacramento-San Joaquin Estuary and watershed
winter-run chinook salmon, are State or federallywill be evaluated to determine extent of illegal
listedendangeredspecies.Othersspecies,such harvest and exploitation rates for all gamefish
splittail and steelhead, are species of concern, andand terrestrial species that reside within the
spring-run chinook salmon is designated aERPP Study area. This information will then be
monitored species by the Fish and Gameused to develop and refine current management
Commission. Overall health of fish and wildlifeplans and restoration efforts.
species is closely linked to the health of ecological
processes that create and maintain habitats neededRATIONALE: Many of the fishing limits
by these species. Improving the ecologicalestablished in the ocean off the coast of
functions will also improve habitat. Concurrently,California are regulated by the U.S. Department
a reduction or elimination of stressors willof Commerce under recommendations from the
contribute to improved functions, habitats, andPFMC. Changes or alteration to these regulations
species, would be implemented through the PFMC

meetings under the Magneson Act. The level of
STRATEGIC OBJECTIVE, illegal harvest is not well known for all species of

TARGETS, AND aquatic species throughout California. In
addition, the exploitation/harvest rate for many of

PROGRAM MATIC the popular game species (white sturgeon, striped
ACTIONS bass, largemouth bass, and white catfish) is

documented.

The Strategic Objective for The general target is to control harvest in a
harvest of fish and wildlife is manner which contributes to attainment of fish
to regulate harvest to the population goals established by State and federal
extent necessary to avoid legislation and in a manner consistent with
impairing the reproductive restoration of ecosystem health,

capacity of the populations in relation to
available habitats. Actions which will contribute to this vision

include:

LONG-TERM OBJECTIVE: Efforts by CALFED
will need to be integrated into the Pacific Fisherȳ Adaptive management and focused research

Management Council (PFMC) and the National programs to mark hatchery produced chinook

Marine Fishery Service (NMFS) objectives to salmon to provide harvest and return data to

manage chinook salmon species with-in and better manage harvest.

adjacent-to the California coast with regards to
harvest limits and regulations. Other anadromous̄ Reduce ocean harvest rates to 40-50%.

species like the white sturgeon and striped bass
will need to meet the long-term goals established̄ Mark all hatchery, produced steelhead and

in the cVPIA and DFG’s Anadromous Fish evaluate the benefits of implementing a
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I
selective fishery which targets only markedUSFWS 1997. Revised draft anadromous fish
fish. restoration plan: a plan to increase the natural

I production of anadromous fish in the Central
¯ Provide special recognition to the Yuba River Valley of California. U. S. Fish and Wildlife

as an important wild steelhead fishery.                Service, May 30, 1997, 112 p.

! ¯ Augment the striped bass population and

i recreational fishery by artificial production.

¯ Maintain the existing regulations for the white
sturgeon trophy fishery.

¯ Increase enforcement efforts directed at illegal
harvest.

I          ¯ Develop a public education program designed
to reduce the illegal harvest of fish and

I wildlife in the ERPP Study Area.

i REFERENCES
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| $’ ARTIFICIAL FISH PROPAGATION

I STRESSOR DESCRIPTION

Five hatcheries currently produce chinook salmon
in the Central Valley. The three largest hatcheries
(Coleman, Feather River, and Nimbus) are in the
Sacramento River Basin (see table), and the
Mokelumne and Merced River hatcheries are in
the San Joaquin Basin. Most of these salmon
hatcheries were constructed between 1940 and
1970 as mitigation for specific dams and water
projects, and are funded by mitigation agreements
with State, federal, and public agencies and
monies collected from commercial salmon fishers.

I NTRODUCTION Before 1967, Nimbus and Coleman were the only
hatcheries with substantial production rates, but

The Ecosystem Restoration Program Plan (ERPP)between 1967 and 1991, total Central Valley
recognizes that artificial propagation of fish hassalmon production nearly doubled. Central Valley
been an important tool used by salmon managershatcheries now produce an annual average of
in the Central Valley for over a century. Thenearly 33 million juvenile fall-run chinook, more
intended goal of hatchery operation hasthan one million juvenile spring-run chinook,
consistently been for mitigation--typically for theabout 0.6 million juvenile late-fall-run chinook,
non-retrievable loss of valuable migration,and more than 2.5 million juvenile steelhead.
holding, spawning, rearing, and emigration
habitats that were cut off by large damsReleasing large numbers of hatchery fish,
throughout the Central Valley. however, can pose a threat to wild chinook stocks.

Potential consequences include genetic impacts on
Hatchery production a significant (e.g., outbreeding inbreeding),makes wild fish and
contribution to commercial and sport fisheries ascompetition for food and other resources between
well as their role in providing mitigation for losswild and hatchery fish, predation of hatchery fish
of habitats from the construction of large dams. wild fish, and increased fishingon pressureon
ERPP envisions the integration of an effectivewild stocks as a result of hatchery production
management program of existing or new hatchery(Waples 1991). Potential impacts to native gene
facilities with harvest and population managementpools must be evaluated in light of evidence for
strategies that will work together to restore andgenetic changes in hatchery stocks (e.g., random
sustain the health offish species dependent on thegenetic drift, selection, stock transfers, and
Bay-Delta. In addition, the artificial propagationstraying), which can determine the nature and
of striped bass would be an interim measure tomagnitude of interactions between hatchery and
provide for the maintenance of a healthywild fish.
population and valuable sustainable sport fishery
until such time that striped bass are capable ofThere is little evidence with which to evaluate past
sustaining naturally spawning population levelsand current genetic impacts of Central Valley
present in the late 1960s and early 1970ssalmonid hatchery programs on the naturally
(approximately three million adults), spawning chinook salmon and steelhead
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Central Valley Salmon and Steelhead Production Hatcheries and the Average Annual Production of
Chinook Salmon and Steelhead

Average Annual Production

Chinook Salmon Stock

Facilit7~ and Period of Record Location Fall Sprin~: Late-FallWinter Steelhead

Feather River Hatchery Feather 7,434,000 1,219,0002 N.P.3 N.P. 751,000
(1968-1993) River

Nimbus Hatchery American 8,810,000 N.P. N.P. N.P. 767,000
(1965-1993) River

Mokelumne River Hatchery Mokelumne 946,000 N.P. N.P. N.P. 161,000
(1965-1993) River

Merced River Hatchery Merced 579,000 N.P. N.Po N.P. N.P.
(1970-1993) River

Coleman National Fish HatcheryBattle 14,941,000 N.P. 639,000 26,000 814,000
(1940-1993) Creek4

Sum of average statewide 32,710,000 1,219,000 639,000 26,000 2,493,000
production

All facilities are operated by the California Department of Fish and Game, except that Coleman National Fish
Hatchery is operated by the U.S. Fish and Wildlife Service.

2 Spring-ran chinook propagated at Feather River Hatchery are believed to have interbred with fall-run chinook.

3 N.P. = not produced.

4 Battle Creek is a tributary of the Sacramento River.

populations. Bartley and Gall (1990), usingancestors, in which case the near-term genetic
protein electrophoresis, found that populations ofimpacts of hatchery programs might be minimal.
chinook salmon from Central Valley hatcheriesDNA studies may shed light on this problem
were genetically similar to wild populations and(Nielsen et al. 1994).
speculated that the releasing hatchery fish in the
Delta may have resulted in abnormally highThe general literature on the genetic impacts of
straying and gene flow to native stocks. However,artificial propagation programs on Pacific
the great genetic similarity among all Centralsalmonids suggests that Central Valley hatcheries
Valley chinook populations makes it difficult tocould have serious, direct and indirect, negative
detect genetic impacts from hatchery releases. Aneffects on the naturally spawning chinook salmon
alternative hypothesis that cannot be disprovedand steelhead. Straying hatchery fish, for
with present data is that Central Valley hatcheryexample, is a major cause of hybridization
stocks have diverged little from their wildbetween hatchery and wild fish (Waples 1991).

Volume k Ecosystem Restoraobn Program Plan ¯
Vision for Artificial Fish Propagation

June 1999
520

C--01 9406
(3-019406



Although straying, primarily among neighborinḡ for the American River, 29% average for
streams, is a natural phenomenon, hatchery fish 1975-1987 (Cramer 1990) and 86.6% average
have been documented to stray farther and at a for 1975-1984 (Dettman and Kelley 1987);
higher rate than wild fish. In the Central Valley,
two hatchery practices in particular might̄ for the middle Sacramento River, 40%
contribute to elevated straying levels: trucking average for 1975-1987 (Cramer 1990); and
smolts and yearlings to distant sites for release and
transferring eggs and young fish between̄ for the upper Sacramento River, 41%average
hatcheries. These are both practiced at Feather for 1975-1988 (Cramer 1990).
River and Nimbus hatcheries.

VISION
Increased production and survival of hatchery
chinook salmon have resulted in increasingThe vision for the artificial propagation offish is
contributions of hatchery fish to adult spawningto modify existing hatcheries and hatchery
escapements since 1967. When hatcheries arepractices in ways to augment salmon and
successful at producing adult fish, the potentialsteelhead populations without having detrimental
harvest rate may become very high. Fewer adults

effects on naturally spawning populations ofare needed to maintain a hatchery run because ofsalmon and steelhead.
high survival from eggs to smolts under hatchery
conditions. This plants high percentages ofThe existing level of reliance on artificially
returning hatchery fish to be harvested while stillproduced fish in the Central Valley is clear
sustaining the hatchery run. As harvest rates areevidence that there are great deficiencies in the
raised to match the potential productivity ofexisting ecosystem processes that create and
hatchery stocks, wild stocks may becomemaintain habitatforanadromousfish. Extensive
overfished, restoration activities will be required to shift the

balance backto naturally produced fish
Current harvest rates of Central Valley chinookpopulations.
salmon stocks are high enough to adversely affect
the natural production in some rivers andThe vision for the artificial propagation of fish is
adversely affect naturally produced chinook      closely linked to ERPP visions for harvest,

chinook salmon, steelhead trout, and striped bass.salmonstocks. Accuratequantificationof the
Central Valley hatchery contribution to the oceanCumulatively, these visions present a robust
catch of chinook salmon has not been developedintegration of production, harvest, and restoration
because of the lack of a consistent hatcherytargets and actions that will contribute
marking program in the Central Valley.substantially to restoring and maintaining a
Nonetheless, Dettman and Kelley (1987)healthy ecosystem and healthy populations of
estimated that from 1978 through 1984, anvaluable and commercial fisheries.sportaverage of 11% of ocean catches off California
comprised Feather River hatchery fish, and an
average of 13% comprised American River INTEGRATION WITH
hatchery fish. The percentage of annual OTHER RESTORATION
contributions of hatchery fish to escapement in
recent years has been estimated as follows: PROGRAMS

¯ for the Feather River, 26% average for 1975- Three major programs to restore chinook salmon
1987 (Cramer 1990) and 78% average for and steelhead populations exist within the Central
1975-1984 (Dettman and Kelley 1987); Valley. The Secretary of the Interior is required
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by the Central Valley Project Improvement Act STRATEGIC OBJECTIVE,
(Public Law 102-575) to double the natural
production of Central Valley anadromous fish TARGETS. AND
stocks by 2002 (USFWS 1995). The National PROGRAMMATIC
Marine Fisheries Service is required under the
federal Endangered Species Act to develop and ACTIONS
implement a recovery plan for the endangered
winter-run chinook salmon and to restore theTwo Strategic Objectives address artificial fish
stock to levels that will allow its removal from thepropagation.
list of endangered species. NMFS released this
document in August 1997 (NMFS 1997). In The first Strategie Objective
August 1996, NMFS published a proposed rule to is to alter practices to
list tem Evolutionarily Significant Units west ~ augment chinook salmon
coast steelhead at threatened or endangered under

~
and steelhead populations

the ESA. Included in this proposed rule was a by the entire state, federal,
proposal to list the Central Valley stock of and private hatchery system
steelhead as endangered. NMFS subsequently in light of CALFED goals.
deferred list the Central Valley steelhead stock for
six month due to scientific disagreement about the
status of the stock.

LONG-’rt=RM OR,P=CTIVE: Develop a hatchery
system and hatchery practices that truly augment

of Fish and Game is salmon and steelhead populations without havingTheCaliforniaDepartment
detrimental effects on wild populations of salmon.required under State legislation (The Salmon,

Steelhead Trout and Anadromous Fisheries
Program Act of 1988) to double the numbers ofSHORT-TERM OBJECTIVE." Evaluate closely all

salmon and steelhead trout that were present in the
salmon and steelhead hatcheries and hatchery

Central Valley in 1988 (Reynolds et al. 1993,practices in the CALFED region to determine their

McEwan and Jackson 1996).
effects on wild populations of salmon and
steelhead. Take the first steps to change these
practices if needed. Construct, where needed,

LINKAGE WITH OTHER additional artificial production capacity to

ECOSYSTEM ELEMENTS augment salmon and steelhead using hatchery
operation plans that avoid impacts to wild stocks

One of the most important components of theand retain stock genetic integrity.

ERPP is restoring health to fish populations in the
ERPP Study Area. Some of these species, such asRAT~ONAU=-" The hatchery system in the Central

delta smelt and winter-run chinook salmon, areValley for salmon and steelhead was developed

State or federally listed endangered species whilewith the best of intentions, to maintain the fishery

others, such as splittail and steelhead, are speciesfor these species that would otherwise be lost or

of concern. Artificial production programs in theseverely depleted as the result of dams and

ERPP Study Area need to be consistent with thediversions blocking access to spawning habitat.

principles of maintaining genetic diversity ofHatcheries have generally succeeded by

natural stocks. These programs also need to bemaintaining the commercial and sport fishery for

adaptive and implement operations to limitchinook salmon, particularly fall-run chinook

hatchery and wild fish interactions to reducesalmon. Regardless of the hatcheries, there has

competition, predation, and the potential spread ofbeen a continued decline of other runs of salmon,

diseases, of wild runs of fall-run chinook, and of native
steelheadstocks. Salmon and steelhead

~ ~
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I originating from hatcheries may actually have The second Strategic
aggravated this problem by interacting with wild Objective is to change the

I fish and may have resulted in elevated harvest~, role of trout hatche~ and
levels on those other runs of salmon and on wild

~
planting programs to make

fall-run in fisheries. A major emphasis of the , them more compatible with
CALFED ERP is to restore wild runs of salmon

I and steelhead by improving habitat conditions for
CALFED goals.

them and by augmenting flows in spawning

I streams. The role that hatcheries, whether state,LONG-TERM OBJECTIVE: Make sure that trout
federal, or private (non-profit) can play in thishatcheries and their associated planting programs
recovery is uncertain. Recent strategies havedo not interfere with or negate ERP actions.

i focused on hatcheries that simply augment runs
under poor hydrologic conditions when under pre- SHORT-TERM OBJECTIVE: Evaluate the trout
water development conditions a rivers systemhatchery and stocking program in California to
would have supported a much larger run. Fordetermine its impact on populations of wild trout

I severely depleted stocks hatchery rearing canandotherfish.
provide a temporary insurance policy against
extinction due to major natural and unnaturalR~TIO~ALE-" State, federal, and private, have

I For abundant long attempted to satisfy angler demands forevents. more stocks,however,
hatcheries producing large numbers of salmoncatchable trout by rearing domesticated fish for
have the potential to confuse and contraveneplanting in streams, reservoirs, and lakes. There is

I natural means. The role of hatcheries on little question that these planting programs areevery
run of salmon and steelhead needs to be carefullysuccessful in providing angling for many people,
evaluated to determine if and how hatcheryespecially in reservoirs and tailwaters of

I practices should be changed, reservoirs. However, in some streams angling for
domestic trout may put artificially high pressure

STAGE 1 EXPECTATIONS: The role of every on wild stocks of trout and steelhead or planting of

I hatchery in the Central Valley in restoring salmondomestic trout may introduce diseases to which
¯ should be evaluated by an independent panel ofother trout (and other organisms, including native

experts. Where information is lacking, researchfrogs) are not immune. In some alpine lakes,

I programs should be conducted. Artificialregular plantings of trout are endangered native
propagation of salmon smolts of the San Joaquinfrog populations. There is thus a need to closely
basin as a research tool for designing andevaluate all trout stocking programs that take

I operating an augmentation hatchery that usesplace in the CALFED area to make sure they are
methods that do not conflict with restoring Centralcompatible with the CALFED goals.
Valley salmon and steelhead. San Joaquin Basin

I artificial propagation will be providing neededSTAGE 1 .~J=ECTATIONS: A team of experts
juvenile salmon fry and smolts critical forshould be appointed to formally evaluate all
adaptive management experiments on the Sanaspects of the state and federal trout hatchery

I Joaquin River programs and issue recommendations in 1-2 years.

The general targets for the artificial production of

I fish are:

¯ propagation programs would be managed

i consistent with rehabilitation of chinook
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salmon and steelhead stocks and theNielsen, J. L., D. Tupper, and W. K. Thomas.
conservation of ecological and genetic values; 1994. Mitochondrial DNA polymorphism in

unique runs of chinook salmon
¯ propagation programs would adopt a goal of (Oncorhynchus tshawytscha) from the

maintaining the genetic diversity that exists Sacramento-SanJoaquin River Basin.
between and within hatchery and naturally Conservation Biology 8(3):882-884.
spawning populations;

NMFS 1997. NMFS proposed recovery plan for
¯ all artificially propagated fish should receive the Sacramento River winter-run chinook

identifiable marks; and salmon. National Marine Fisheries Service,
August 1997.

¯ decision making about the uses of hatcheries
and artificially propagated fish should occurReynolds, F.L., T.J. Mills, R. Benthin, and A.
within the context of a fully implemented Low. 1993. Restoring Central Valley
adaptive management program that focuses on Streams: A Plan for Action. California
restoration of ecological processes and Department of Fish and Game. 189 p.
habitats, not simply the number and quality of
fish successfully propagated. Strategic Plan for Ecosystem Restoration. 1999.
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¯ STRANDING

| NTRODUCTION Important mechanisms for stranding include: 1)
stranding of adults and juveniles on bypass
floodplains; 2) stranding of natal and non-natalStranding of juvenile and adult fish is a natural
juveniles within floodplains confined by setbackpart of a healthy Central Valley ecosystem.

Trapped fish provided a valuable source of proteinlevees; 3) stranding of salmonid redds as a result

and nutrients to several levels of the food of flow fluctuation in river channels; and 4)chain,
including mammals, avian predators and nativestranding of migratory and resident species from

Delta levee breaches.peoples. Although stranding causes individual
mortality, these losses historically would have
been offset by strong in-channel production of the FLOODPLAIN STRANDING ON
survivors. Stranding offish in intermittent strearm BYPASSES
or floodplain areas represented part of the cost of
maintaining a broad range, genetic diversity andThe region’s largest floodplains are the Yolo and
access to potentially higher quality rearing habitatSacramento bypasses, representing an integral

parts the Sacramento Valley Flood Control
Although stranding was historically a naturalSystem. Stranding principally occurs in wetter
event, today it is generally considered a stressoryears, when fish mortality occurs as a result of

that contributes to the loss of important aquaticpredation, high temperature, dessication and
resources including adults and juveniles ofperhaps disease or reduced oxygen levels. The
important fishes. Anthropogenic changes to theSacramento River, however, has overflowed into
valley and its tributaries have led to unnaturalthe Sutter Bypass every year since 1945, except
topography such as borrow ponds, which can trapduring the 1977 drought, thus providing
large numbers offish. Similarly, multiple stressorssignificant risk of fish mortality. Stranding is a
have led to declines in native fish populations,problem in many drier years as well because weirs
resulting in lower production to offset strandingspill beginning at Sacramento River flows of only
losses. Efforts to reduce excessive stranding losses30,000 cfs. The issue has been best-studied in the
represent an important component in improvingYolo Bypass, a 59,000 acre engineered floodplain.

the natural production of Central Valley fishStudies by California Deparmaent of Water
communities. Resolution of stranding in theResources (1997, 1998a) showed that at least 40
Central Valley will require additionalresearch andspecies of fish use the basin during high flow
monitoring to better understand the scope of theevents. Many of these fish are stranded when

problem and to identify key areas where strandingfloodwaters recede. Notable examples of stranded

is a serious problem, and the implementation ofjuvenile fish include chinook salmon (fall-run,
experiments to refine restoration opportunities, spring-run and winter-run size classes), steelhead

trout, Sacramento splittail and Sacramento
pikeminnow. Most of the same species are also

STRESSOR DESCRIPTION in the Sutterpresent Bypass.

Stranding appears to be of primary concern forCalifornia Department of Water Resources (1997)
migratory species such as chinook salmon,identified three types of ponds in the Yolo Bypass
steelheadtrout, sturgeon and splittail. This stresscrwhere stranding occurs: 1) isolated ponds; 2)
is much less of an issue for nonnative game fishponds that maintain some connection to the Delta;
species such as largemouth and smallmouth bass,and 3) very shallow ponds, typically a few inches
which frequentlythrive in isolated ponds, of water between row crops. Based on seining
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surveys and interpretation of aerial photographs,after flow recession and after low tributary flows
they provided a "ballpark" 1998 strandingsever the interconnectivity with the river.
estimate for the Yolo Bypass of 300,000-2 million Preliminary results suggest that up to 10,000
juvenile salmon, depending on pond type. Whilewinter-run chinook salmon were rearing in Mud
this represents a substantial number offish, resultsCreek, a small tributary that joins Big Chico Cre&
from 1998 sampling suggest that majority ofnear the Sacramento River (Maslin 1998). Such
young salmon successfully emigrate from thenon-natal rearing was identified in 19 other small
floodplain (California Department of Water tributaries to the upper Sacramento River between
Resources 1998a). Generally, emigration fromReddingand Chico.
certain types of overflow areas is relatively good
because the land has been graded by farmers toThe California Department ofFish and Game has
drain properly. A contributing factor to the periodically rescued stranded adult chinook
successful emigration is that Central Valley fishsalmon in the ponded areas below the Tisdale,
populations are probably adapted to takeColusa, and Moulton weirs. The magnitude of this
advantage of flood cycles. For example, there isstranding is not known as there is no consistent
evidence that growth of young salmon in the Yobeffort to identify stranding, and 0nly easily
Bypass is superior to growth in the Sacramentoaccessible ponded areas are included in any rescue
River as a result of an abundant food supply andattempts. During April 1995, the California
warmer water temperatures. Further evaluationsDepartment of Fish and Game rescued 74 adult
are need, however, to determine if sampling biasspring-run chinook salmon from a pond located
affects the apparent higher growth rate. Forbelow theMoulton Weir(Meyer 1995).
example, when the bypass overflow stops, no
additional fish are recruited into the bypass.Five overflow and recession events from the
Comparison of average size of stranded fishSacramento River into the SuRer Bypass occurred
versus Sacramento River fish may be biased asbetween January 6 and May 15, 1995, thus
there is continual recruitment of fish of all sizes,providing significant opportunities for stranding.
small and large, in the Sacramento River During that period, more that 50% of the entire

upper Sacramento River flow was diverted
This type of floodplain rearing may have been anthrough the SuRer Bypass. Stranding caused by
integral part of the life history strategy for fall-runthe overflow weirs along the Sacramento River
chinook and perhaps other salmon races,has not been systematically investigated. This
Additional evidence of the growth potential ofsource of stranding may be significant.
bypass/floodplain areas was provided by the 1995-
96 spring-run chinook salmon tagging study onAdditional areas where stranding needs further
upper Butte Creek (Hill 1996). Spring-run evaluation include managed and unmanaged
chinook fry tagged near Chico during Januarywetlands, Liberty Island, Providence Island, lower
1996 exhibited significant growth by the time theyFeather River floodplain, American basin, and
were recaptured downstream in the SuRer Bypassmany canals and ditches that have no connection
during March and April. to the rivers after overflow events.

Recent studies (Maslin 1997 and 1998, Moore California Department of Water Resources (1997
1997) have demonstrated widespread non-nataland unpublished data) note several locations in the
use by juvenile salmonids of small upperYolo Bypass where stranding rates could be
Sacramento River tributaries, often finding fishreduced using relatively simple techniques. One
several miles up the tributary from the river. Enlayexample is Sacramento Weir, where leaky
to these non-natal areas often occurs as the resultflashboards divert fish from the Sacramento River
of floodplain inundation with stranding occurringonto the Sacramento Bypass ponds, resulting in
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stranding rates approximately an order ofprovided that discharge levels remained above 400
magnitude higher than any other Yolo Bypasscfs.

i location. Similarly, adult spring run salmon,
striped bass and sturgeon are stranded in deeperMajor flow fluctuations distribute fish over a
ponds and channels in part as a result of anmuch broader area, frequently exposing them to

I outdated, inefficient fish ladder located at Fremontmore variable topography and longer migration
Weir, the upstream limit of the Yolo Bypass.path to return to the channel. Whereas minor flow
Although the magnitude of this problem has notfluctuations occur in all water year types, large

I been documented, the fact that there is a popularscale flow changes are most common in above
sport fishery after the Yolo Bypass recedesnormal to wet years. In contrast to the low
suggests that fairly large numbers of adults arenumbers of salmon found in January 1998 in the

i stranded. Both the Sacramento and Fremont WeirFeather River below Thermalito Afterbay Outlet
problems could be fixed or at least improved withfollowing a minor flow fluctuation, in April 1998
fairly minor structural changes. Jones and Stokes Associates (unpublished data)

I found thousands of young salmon in shallow
STRANDING OF YOUNG FISH ponds on a broad, downstream floodplain located

WITHIN FLOODPLAINS CONFINED near Nelson Slough following major flood

BY SET BACK LEVEES releases in the Feather River. Fish trapped in these
types of ponds may thrive if later flow pulses

Juvenile and adult fish are also stranded inprovide an escape route.

i floodplains adjacent to river channels. For the
major rivers of the Central Valley, theseStranding mortality rates are probably highest in
floodplains are confined by set back levees,gravel pits, borrow ponds, and spoil deposition

I Examples include the Feather, Yuba, American,areas. Large scale aggregate mining has been

Mokelumne, Stanislaus and Tuolumne rivers,conducted for decades in Valley rivers such as the
Fish stranded in these areas a subject to similarFeather, Tuolumne and Stanislaus rivers.

i sources of mortality as for the bypasses. The levelAggregate mines historically extracted sand and

of stranding dependents on fish population levels,gravel from both the river channel and its adjacent
topography and the timing and magnitude of flowfloodplain. Older mines were usually created

fluctuation, directly in the channel, creating large depressions.I Some remain within the active channels of rivers

In the Feather River, California Department ofsuch as the Tuolumne River. Both in-channel and

I Water Resources (1998b) studied the effects of afloodplain ponds can become connected to the

relatively minor winter flow reduction (less thanmain channel during high flow evenls. These pits

10 percent) on stranding rates. They concludedsupport wannwater predators such as largemouth

that the relatively small numbers of salmon wereand smallmouth bass that prey on juvenile salmon

I that migrate through the pits and become trappedstrandedin depressionson gravelbars below
Thermalito Afterbay Outlet were not biologically after floodwaters recede. Similarly, gold mining

significant. The low stranding rates wereactivities resulted in dredging and deposition of

I consistent with instream flow model results, whichtailings,convertinglarge areasof floodplain
predicted only minor ponding from the flowhabitat to variegated landscapes with sloughs and

borrow ponds that trap migrating salmon and other

i change. California Department ofFish and Game
(1991) used similar instream flow methods forthefish during periods of high water.

Mokelumne River and that minor flow

i fluctuations resulted in little stranding area
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ADULT ST~DING IN RIVER The vision includes improving the structure of
CHANNELS channels and floodplains and stabilizing flows¯

during critical periods. Achieving this vision
In the Central Valley, steelhead trout and mostwould help to maintain or restore riparian and
races of chinook salmon spawn in late summer orfloodplain habitat and sustain streamflow levels
autumn. If flows are reduced substantially duringthat would improve fish spawning, rearing and
the next three months, redds may be isolated,emigration.
resulting in egg mortality from low oxygen levels
or dessication. Although many Central ValleyFor bypass floodplains, the strategy is to improve
rivers have streamflow fluctuation requirementsdrainage to allow young fish to emigrate and to
during critical periods for salmon, unusualmodify weirs that strand juvenile fish or create
spawning events may put fish at risk. Forpassage problems for adults after floodwaters
example, in 1991 flow fluctuations from waterrecede. Options to achieve this would be through
transfers on the Yuba River led to the stranding orthe construction of year-round low flow channels
isolation of hundreds of fall-run adult salmonfor drainage and fish passage and the construction
which spawned much earlier than expected, offish ladders to permit upstream passage of adult

fish. The focus for these actions would be the
STRANDING OF MIGFL~TORY AND Yolo and Sutter bypasses, including the overflow

RESIDENT SPECIES FROM DELTA weirs and bypasses which connect them to the

LEVEE BREACHES river and which comprise the Sacramento Valley’s
engineered floodplains. In riparian and floodplain
areas between river channels and set back levees,Delta islands regularly breach in very wet years
restoration activities would emphasizeas a result of land subsidence and antiquated

levees. Breaches essentially create a large-scalerecontouring of poorly-drained areas heavily

diversion that can draw thousands of acre-feet of
impacted by historical mining activities. Where
possible, gravel andborrow ponds that connect to

water and fish onto Delta islands. Levees are
generally repaired while or after the islands arethebe removed main channel or filled, during Many high borrow water ponds periods provide would

emptied. During drainage fish are either strandedgood habitat during much of the year for a variety
or pass through hazardous pumps. The magnitudeof aquatic dependent species and the preferredof this problem has not been quantified, however
accounts of extensive fish stranding during themeans to reduce stranding losses is to create and

maintain connections with the rivers and streams.

levee1996 drainingbreach suggest°f Prospectthat Island following aAlternatively, levees would be improved ormortalitycanbe constructed to keep these ponds separated from
substantial. This type of stranding is also athe active channel. In addition, flows in theproblem in Feather, American, and Cosumnes

smaller non-natal tributaries should be mair~inedfloodplains as well as in the Natomas Cross
Channel, north of Sacramento.

as much as possible to allow positive avenues of
escape for rearing juveniles. Stranding of adult
spawners and their redds could be avoided by

VISION                      reducing flow fluctuations during critical time
periods. Stranding losses from Delta levee breaks

The vision for stranding is to reduce thewould be reduced through levee improvements or
magnitude of the number of aquatic organisms lostconversion of flood-prone islands to tidal wetlands
when rivers recede or overflow into flood and shallow waterhabitat.
bypasses and to reconnect areas that become
isolated with flowing water and to reduce the
frequency by which low-lying areas are inundated.
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Volume I: Ecosystem Restoration Program Plan

~Y.D~T^ Vision for Slranding
June 1999

528

C~019414
C-019414



! INTEGRATION WITH and reducing levels of toxins should help to
improve fish population levels to offset

I OTHER RESTORATION unavoidable stranding losses.

PROGRAMS
STRATEGIC OBJECTIVE,I Efforts to reduce will involve thestranding TARGETS, ANDcooperation and support of established programs

underway to restore habitat and fish populations b PROGP,~MMATIC
I the basin: ACTIONS

¯ The Central Valley Project Improvement Act

i (CVPIA) calls for doubling of the ,~ The Strategic Objective for
anadromous fish populations (including

~                   stranding is to createstriped bass, salmon, steelhead, sturgeon and conditions that reduce or

I American shad) by 2002 through changes in eliminate the stranding and
flow, project facilities and operations. The loss of aquatic resources.
program involves actions that may reduce

i stranding rates through habitat or flow LONG-TERM OBJECTIVE-" Implement a
improvements, comprehensive program to reduce stranding

effects in the Delta and its tributary streams.

i ¯ The California Department of Fish and Game
is required under State Legislation (The SHOm’-TERM OBJEeTn~: Reduce the adverse
Salmon, Steelhead, Trout and Anadromous effects of stranding by physical modifications to

I Fisheries Program Act of 1988) to restore problem areas and, where feasible,
numbers of anadromous fish in the Central implementation of flow schedules that minimize
Valley. adult stranding.

I ¯ The Four Pumps and Tracy Fish Mitigation RATIONALE-" Recontouring of floodplains
Agreements. These two agreements involve including removing or isolating borrow ponds

I mitigation in the Sacramento and San Joaquin should promote successful emigration of fish
basins to offset fish losses at the SWP and following high water events and create valuable
CVP pumping plants. Restoration projects in rearing habitat at lhe river margins. Improving at
these programs frequently deal directly or bypass weirs would eliminate diversion of fish
indirectly with fish stranding issues, onto floodplain ponds by leaky flashboards and

provide for adult upstream passage. Reducing

I LINKAGE WITH OTHER flow fluctuations during spawning periods would

ECOSYSTEM ELEMENTS help to avoid losses of adults and eggs. Stranding
losses from Delta levee breaks would be reduced
through levee improvements or conversion of

Reducing stranding is linked to restoration of flood-prone islands to tidal wetlands and shallow
riparian, floodplain and riverine aquatic habitats water habitat.
and creation of set back levees. Population effecls

I of stranding losses will be mitigated by efforts to STAGE 1 EXPECTATION: Actionswhich can
reduce stressors to resident and migratory fish. contribute to this vision for bypass floodplains
For example, reducing levels of invasive aquatic include:I organisms, reducing predation and competition,
gravel restoration, screening of water diversions
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¯ Improving drainage to allow young fish to¯ reducing flow fluctuations during critical tine
emigrate. For example, check boxes could be periods for adult spawning and egg
installed in fields with low levees that border incubation.
the drains for the Yolo and Sutter bypasses.

Actions which can contribute to this vision for
¯ Modifying Sacramento Weir to eliminate Delta islands include:

leakage through flashboards.
¯ improving levees to reduce the probability of

¯ Constructing a fish ladder at Fremont Weir breakage.
and provide permanent flow to facilitate adult
upstream passage. ¯ converting flood-prone islands to tidal

wetlands and shallow water habitat.
¯ Constructing of a permanent low flow channel

through the Yolo Bypass to improve adult REFERENCES
passage and drainage following flow events.

California Department of Fish and Game, 1991.¯ Constructing permanent low flow channels Lower Mokelumne River Fisheries
through the Moulton and Colusa bypasses.            Management Plan. November 1991. 239 pp.

¯ Investigating the potential to developCalifornia Department of Fish and Game. 1995.
permanent low flow channels connecting the Spring-run chinook salmon rescue from
M&T, 3-B’s, and Goose Lake overflow Moulton Weir Pond, April 20-21. Memo:
structures with Butte Creek and the Sutter California Department of Fish and Game,
Bypass. Region II, Rancho Cordova, California. May

8, 1995.¯ Developing maintenance flows to provide
extended interconnectivity of upperCalifornia Department of Fish and Game. 1996.
Sacramento River non-natal rearing Butte Creek Life History Study, summary
tributaries, prepared for the U.S. Fish and Wildlife

Service, by the California Department of Fish
Actions which can contribute to this vision for and Game, Region II, Rancho Cordova,
floodplains within setback levees include: California. August 6, 1996.

¯ Recontouring heavily corrugated landscapesCalifornia Department of Water Resources 1997.
to improve drainage to the river channel. Results of 1997 Yolo Bypass studies.

Prepared for Department ofFish and Game by¯ Filling gravel and borrow ponds that connect Department    of    Water    Resources
to the main channel during high water periods Environmental Services Office.
or, preferably, creating connectors to allow
fish to migrate from ponds into the river. California Department of Water Resources 1998a.

Preliminary results of 1998 Yolo Bypass
¯ for large ponds that are uneconomical to fill, studies. Prepared for National Marine

constructing or improving levees to isolate Fisheries Service by Department of Water
these areas from the active river channel.

Resources Environmental Services Office,
Actions which can contribute to this vision for          September 1998. 55 pp.
adult spawning include:
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I          California Department of Water Resources 1998b,
Feather River Juvenile Monitoring: December

I 15, 1997-January 15, 1998. Report to the
Federal Energy Regulatory Commission by
California Department of Water Resources,

I Environmental Services Office. February
1998.

I Maslin, P., M. Lennox, J. Kindopp, and W.
McKinney. 1997. Intermittent streams as
rearing habitat for Sacramento River chinook

I salmon. Funded through a grant from the U.S.
Fish and Wildlife Service under provisions of
the Central Valley Project Improvement Act.
89 pp.

¯1998. Draft: Intermittent streams as

I rearing habitat for Sacramento River chinook
salmon. Funded through a grant from the U.S.
Fish and Wildlife Service under provisions of

I the Central Valley Project Improvement Act.
40 pp.

i Moore. 1997. Condition and feeding of chinook
salmon in selected intermittent tributaries of
the upper Sacramento River¯ Spring 1997.66

I pp.

USFWS and Turlock Irrigation District. 1998.

i Tiered Environmental Assessment and Initial
Study/Mitigated Negative Declaration.
Tuolumne Mining Reach and Special Pools
9/10 Restoration and Mitigation Projects.

I May 15, 1998. 98 pp plus attachments.
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I
¯ DISTURBANCE

I impacts of those activities on fish and wildlife.
This could be achieved by improving recreational

i boating opportunities in selected areas of the Delta
for both motorized and non-motorized craft while
reducing or eliminating boating by closing

i sensitive biological areas during specific seasons.

STRESSOR DESCRIPTION

Recreational boating is a popular activity in the
ERPP study area, particularly in the Sacramento-

~ San Joaquin Delta and Suisun Marsh/North San
INTRODUCTION Francisco Bay Ecological Management Zones.

Boating activities include the use of small, human-

i Disturbance resulting from human activities canpowered craft, such as canoes and kayaks, and
adversely affect habitat for a substantial variety ofindividual motorized craft such as jet skis, sail
fish, wildlife, and plant communities includingboats, boats ranging from small fishing skiffs to

I many special-status species and plant communitiesski boats, and larger pleasure craft. Wind surfing
listed as endangered or threatened on theis also expanding in popularity. Excessive,
Califomia and federal Endangered Species Actsunrestricted boating activities can result in
(ESAs) lists. The types of disturbance includeincreased erosion of adjacent channel banks,
those associated with recreational boating, anglingincreased turbidity, and conflicts with other boat
and picnicking, airplane and vehicle traffic, andoperators using the same channels.

I the secondary effects of residential development
adjacent to wildlife habitat Angling and picnicking are also popular activities.

Unrestricted human entry for these and other
The Ecosystem Restoration Program Plan (ERPP)activities has contributed to levee degradation inI reduce disturbance where      the and wildfires and increaseproposesto species, Delta,littering,
such as the Swainson’s hawk, nest. Establishingthe likelihood of trespass and vandalism on private
habitat buffers around sensitive habitat or wildlifelands.

I (e.g., Swainson’s hawk nest sites)use areas
screens wildlife from disturbance associated withVehicle traffic close to wildlife habitat reduces the
motor vehicle traffic and reduces recreation-value of that habitat to wildlife, particularly to

I related disturbance while still allowing for carefulspecies such as the greater sandhill crone. Aircraft
wildlife observation activities, tm_ffic (both fixed-wing and helicopter) associated

with the application of agricultural chemicals can

I Carefully designing recreational access points canalso contribute to the disturbance of wildlife in
also reduce the level of disturbance on wildlifethe Delta.
(e.g., locating access points to avoid impacts to

I levees and to keep trespassing and vandalism ofDisturbance associated with the pets of people
private lands to a minimum), who live near wildlife habitat can result in

harassment of wildlife, particularly ground-nesting

I The vision includes providing opportunities forbirds.
recreational boating in a manner that reduces the

I ~r ~
Ecosystem ProgramVolumeI: Restora#on Plan

-.= ~x~t-o~r,~ Vision for Disturbance
~ ~ June 1999

i 532

C--01 941 8
C-019418



Human presence can also disturb populations ofVISION
special status fish, wildlife, and plant species.

The vision for disturbance is to reduce the adverse
effects of boating and other recreational activities, STRATEGIC O BJ ECTIVE,
temporary habitat disturbances, and other human TARGETS, AND
activitiesDelta. on wildlife and their habitats in the Bay-

PROGRAMMATIC
ACTIONS

ERPP’s general approach to achieving the vision
for this stressor will be to ensure that the location
of restored habitat takes into account adjacent land The Strategic Objective for
uses, that adequate buffer areas to protect against disturbance is to reduce
disturbance are used, and that recreational human activities    that
activities are managed to avoid or minimize adversely affect wildlife
conflicts with fish and wildlife habitat, behavior or cause habitat
Recreationists should be provided with adequatedestruction. Reducing these activities
facilities in areas that are not sensitive to fish andwould increase reproductive success and
wildlife and where trespass onto adjacent privatecontribute to restoration of important
lands can be avoided, species.

INTEGRATION WITH LONG-TERM OBJECTIVE: Eliminate or greatly
reduce the adverse influence of human-induced

OTHER RESTORATION disturbance on important fish and wildlife species
PROGRAMS by controlling access during critical times.

Agencies charged with regulating activities withinSHOm’-T~=RM OBJt=CTIV~=: Evaluate the
their respective jurisdictions include the U.S.location of public use access sites to identify
Coast Guard, California Department of Boatingpotential site that may adversely influence fish and

and Waterways, California Department of Parkswildlife populations and identify alternative sites
and Recreation, local park districts such as thefor public access that will reduce human-wildlife
East Bay Municipal Parks District, local sheriffsinteractions.
in the affected counties, California Department of
Fish and Game, California Department of WaterRA~ONALE: Some of the species that are known

Resources, and U.S. Fish and Wildlife Service. to be adversely influenced by human-induced
disturbance include Swainson’s hawk, California

LI N KAGE WITH OTHER black rail, California clapper rail, greater sandhill
crane, and spring-run chinook salmon.

ECOSYSTEM ELEMENTS Restoration elements for these example species
are strongly directed at restoring or improving

Human caused disturbance adversely affectshabitat for nesting or spawning, forage, loafing,
habitats and species. Boat wake shoreline erosionand other habitats required for successful
can impair ERPP efforts to protect and restorecompletion of their life cycles. These species are
shoreline vegetation and shallow water emergentparticularly susceptible to disturbance during
vegetation, particularly in the Delta and along thecritical segments of their life cycle, especially
mainstem Sacramento and San Joaquin Rivers.those related to reproduction such as nesting and

spawning. Reducing human disturbance is an
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I integral component to restoring these and similar
species.

I STAGE 1 EXPECTATIONS: Surveys will have
been completed that identify critical areas and

I critical times for fully protecting species that are
vulnerable to human-induced disturbance., This
information will have been used in refining and

i implementing restoration actions and in
identifying sites that can be developed for
recreational and public uses.

The following approaches would help achieve this
vision:

I ¯ Cooperate with agencies responsible for
managing the State’s recreational activities to
ensure properly sized and sited facilities willI be providedandmaintained.

¯ Cooperate with the Department of Boating

I and Waterways, U.S. Coast Guard, and local
mariner organizations to identify the need and
feasibility of, and implement where feasible,

I seasonal boating closures in sensitive wildlife
use areas while maintaining alternative
boating opportunities.

!
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